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PEEFACE. 



In presenting this monograph to the 
public, I make no claim for its complete- 
ness, nor of my infallibility, but take 
pleasure in giving the reader some facta 
concerning mechanical draft in a handy 
form for ready reference. 

Soipe of the material has already ap- 
peared in an article which I prepared for 
the Engineering Magazine, 

Credit for the work of others is given 
as far as possible. 

I trust that the book may be read as 
being unbiased, as far as any particular 
make of apparatus is concerned. 

The rapid sale of the first edition of 

this book has led to its reissue as one of 

the Van NostrancCs Science Series^ with 

a few corrections and additional matter 

added. 

William Wallace Christie. 

Paterson, N. J., Nov. 1901. 



FURNACE DRAFT. 



Its Production by Mechanical Methods. 



A CHIMNEY is a means most frequent- 
ly employed to provide draft for tho 
combustion of fuel under or in boilera 
or other heat devices. 

It provides the draft by means of the 
waste heafc, or a waste of heat; the draft 
being a result of the difference in 
weight of a column of comparatively 
cold air without, and a column of com- 
paratively Very hot air within the chim- 
ney; the writer would call draft pro- 
duced in this way natural or static draft. 

Draft produced by mechanical meth- 
ods as in the case of a blower, or steam 
jet, could be termed forced or dynamic 
draft. It is dynamic or forced draft 
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with which we ^e directly concerned at 
present. 

The particular method of producing 
draft to which the term ** forced draft" 
is or has been applied, is that which em- 
ploys a centrifugal fan which forces air 
in a closed ashpit, up through the bed 
of fuel, the gases passing out of a short 
chimney. This method is not used for 
excessively heavy fires, nor in large boil- 
er units; it being necessary to shut off 
the fan before firing fresh coal, as the 
air forces itself through the fire in spots^ 
unless closely watched, giving a very un- 
satisfactory combustion. 

Forced draft has the advantage of be- 
ing easily installed, and that no specially 
cooled bearings are needed on the fan as 
it handles cool air. 

Forced draft is regulated in part by 
means of a valve or hood connection to 
the inlet pipe located in the ashpit of 
the boiler, having a rod extending to 
the outside of the setting which may be 
used to open or close a flap valve as con- 
ditions require. 



Induced draft is a system much less 
generally used than "Forced Draft;" 
the fan drawing the air through the fire 
and boiler to itself, the result is more 
nearly like natural draft from a chim- 
ney, and it has no serious e&ct on the 
fire, nor does it interfere in the least 
with charging fresh coal while the fan 
continues to run. 

The high temperature of the escaping 
gases, however, necessitates a design of 
fan suited to the purpose. Especial at* 
tention must be paid to the design of tho 
journal boxes of the fan; these are usually 
kept cool with a water jacket, a device 
which has proven all that is needed for 
the purpose. 

While fans for forced draft may be 
made of cast iron, fans for induced draft 
are always made of sheet steel. In either 
instance peripheral discharge fans are 
used, high pressure not being as much 
needed as a great volume of air at a mod- 
erate pressure. 



Fig. I. 

Induced Draft Plant 



A chimney which extends at least 10 
feet above the roof of 
the hailding containing 
the fan or fana ia used 
with either method in 
order to prevent fire, 
and to carry the gaaes 
eo high as not to be 
ofEensive to the com> 
m unity. 

Freqnently for archi- 
tectural effect, or on 
account of local regula- 
tions, the chimney ia 
made higher; and again 
where looks are of no 
consequence the chim- 
ney may be omitted al- 
together. 

Another system that 

ia often employed is 

Forced-Induced draft, 

BUst Nouis Sasptndeii a Combination of the 

In Brick Cbironey. ^^^ syatems mentioned 

'^"■"^iD. B above. 
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still another system is Forced-Natural 
draft in which a centrifugal fan is em- 
ployed to furnish the air necessary to 
combustion, also to regulate the same to 
suit the steam pressure carried in the 
boiler; a chimney being used to produce 
the draft and exhaust the gases from 
the furnaces. 

An absolutely air-tight ashpit is not 
needed with this method^ but is both 
desirable and necessary with "forced** 
draft. 

A steam jet in the chimney or flue, 
is frequently used to create draft or 
assist and increase that already obtained 
by the heat of the escaping gases. 

The large quantity of steam used by 
the [jets in proportion to the quantity 
made in the boiler plant using steam jets 
will be considered later. 

In connection with a chimney to assist 
in exhausting the gases, a steam blower 
(not jet) is occasionally used, being placed 
in the furnace front or side wall of a 
boiler setting having a closed ashpit. 
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As is the case with the jet, the blower 
is a large consumer of steam. The ad- 
vantages of mechanical draft as com- 
pared with natural-chimney-draft are 
well summed up by Mr. Jas. Howden, of 
England, as follows : 

1. Complete combustion of fuel of all 
qualities under conditions in which com- 
bustion could not be efficiently obtained 
by natural draft. 

2. The power of regulating with ease 
the amount of combustion desired, from 
zero to many times that possible by nat- 
ural draft, also the capability of main- 
taining the fuel in the furnace incandes- 
cent for a considerable time without 
appreciable consumption. 

3. A great reduction in the size or 
number of boilers required to produce a 
given power, and the capability of in- 
creasing the power in steamships far be- 
yond that now obtainable with boilers 
worked by natural draft. 

4. Greater economy in producing 
steam from the following causes: 
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(a) From more complete combustion 
of fuel than is attainable by natural 
draft with a reduced admission of air, 

{b) From the higher temperature of 
the furnace arising the more perfect and 
higher rate of combustion, and from the 
air supply being partially heated before 
entering the furnace. 

(c) From the utilization of the waste 
heat of the escaping gases. 

{d) From the prevention of heat from 
the furnaces and ashpits being radiated 
into the stokehold. 

(e) From the much less expenditure 
required to supply the air of combustion 
from a fan than is required to heat a 
column of air in a chimney, to obtain 
supply by natural draft. 

(/) From preventing a cooling down 
of the boiler by a rush of cool air to the 
furnace, when a furnace door is opened. 

6. Less discomfort in stoking, the 
stokehold fresh and cool by the radiation 
of heat from the furnaces being pre- 
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vented, and the fan drawing fresh air 
into it continuously independently of 
ventilators. 

6. The complete absence of the great 
nuisance of smoke in the use of steam 
power. 

7. The abolition of all unsightly 
chimneys in town and country now nec- 
essary for combustion by natural draft 

The readiness with which one of these 
systems may be adapted to any of the 
various conditions that exist is a point in 
its favor. 

The convenience of the outfits leads 
to their adoption, in many cases; for on 
short notice — a few days or even less — a, 
forced draft outfit may be ordered, re- 
ceived and installed. Likewise we can 
as readily arrange for a steel chimney of 
reasonable diameter and height. 

Forced draft and chimney draft may 
be regulated within the extreme limits 
provided by, or inherent to the outfits 
themselves. 
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The economy in burning cheap fuels 
is an inducement offered to steam users 
in favor of forced draft; the cheaper 
grades of fuel may also be burned in a 
properly designed boiler furnace using 
natural draft. 

A draft required for the efficient com- 
bustion of all fuels, in the majority of 
cases, is within the limit of that pro- 
duced by a chimney of moderate height, 
which can be seen from the accompany- 
ing tables. 

Draft Required for Efficient Combustion 

of Fuels.* 

Inches of Water. 

Straw 0.20 

Wood 0.30 

Sawdust 0.35 

Peat, light 0.40 

Peat, heavy 0.50 

Sawdust mixed with small coal 0. 60 

Slack, ordinary 0.6 to 0.9 

Steam coal, round 0.4 to 0.7 

Slack, very small 0.7 to 1.1 

Coal dust 0.8 to 1,1 

Semi-anthracite coal 0.9 to 1.2 

Breeze and slack mixed 1.0 to 1.3 

Anthracite, round 1.2 to 1.4 

Breeze and coal dust mixed. . . 1.2 to 1.5 

Anthracite slack 1.3 to 1.8 

• Dr. R. H. Thurston. 
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Initial Heat. 

According to Kerl, the initial or free 
heat, or temperature to be reached to al- 
low the particles of carbon to properly 
ignite with those of oxygen, is as fol- 
lows : 



Substance 


Degrees 


c. 


Fahr. 


Peat 


225 
295 
326 
360 
600-800 


437 
563 

619 

680 

1112-1472 


Pine 


Soft Coal 


Charcoal made by low heat. 
Charcoal made by high heat 



Heat of Combustion. 

1 lb. C to CO, gives 8140 calories, or 
14,650 B. T. U. 

1 lb. C to CO gives 2474 calories, or 
4450 B. T. U. 

1 lb. C from CO to CO, gives 5666 
calories, or 10,200 B. T. U. 

1 lb. CH, to CO, plus H,0 gives 
18,305 calories, or 23,950 B. T. U. 

[N. E. C. M. A., No. 58.— E. B. Coxe. 
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The results in evaporation ,of W9.ter 
when using different grades of small 
anthracite coal has been determiued by 
a large number of tests,* giving us th& 
following averages : 



lbs, water from and 
at 212° F. 




per lb. com- 
bustible 

iToT 
11.18 

11.19 
10.89 



Buckwheat 

Rice (No. 2 Buckwheat) . 
Culm (pea, buckw., rice, 

barley and dust) 

Barley (No. 3 Buckwheat) 

Not from same mine. 

In a general way we may say there is- 
no difference in evaporative results when 
using any of the above coals. 

The rate of combustion with forced 
draft may be increased far beyond 
25 lbs. of coal per square foot of grate 
per hour, which is about all that is de- 
sirable to have with chimney draft, to aa 
much as 120 lbs/ and even more, as in 

* N. E. C. Mfrs. Assn. No. 68— Coxe. 
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locomotive practice, for in the Purdue 
Tests we have a rate of 240.8 lbs. report- 
ed, and this without a very great loss in 
efficiency, as we shall see later. 

One of the large installations of In- 
duced Draft is in the Electric Tower 
House, 59th Street and East Eiver 
[Power Dec. 1897] where 2 or 3 14-ft. 
fans draw the gases through American 
Fuel Economizers, and then to further 
reduce their temperature and remove the 
soot, Qtc, the gases are passed about 
baffle plates, much as steam is sent 
through a separator, and then in a 
scrubber from which they emerge at 
about 100 deg. F. 

This plant has a short steel chimney 
just sufficient to clear the roof of the 
buildings in the immediate vicinity. 

The space occupied by centrifugal 
fans is often that above the boiler set- 
ting, and as such is considered of no 
particular value; in a like manner steel 
chimneys are frequently set on boiler 
settings and do not take up as much 
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space in a horizontal plane as a centrif- 
ugal fan. 

In the installation of the steam plant 
of the Lacombe Electric Co., Denver 
(Fig. 3), not only is the forced draft ap- 
paratus occupying room away from the 
boilers, but is of necessity under cover 
of a fiteel truss roof. Steel chimneys when 
located out of doors take up much less 
space than in this lay-out, and while 
brick chimneys may take up as much 
room, still they eliminate the roof ex- 
pense, and the exterior dimensions of the 
base of the foundation is about the same 
in brick and self-supporting steel chim- 
neys. 

Large brick, or any brick chimneys 
cannot be moved intact as readily as can 
steel ones, or centrifugal fans, and the 
portability of the fan is a point that has 
been raised in its favor. 

If a company is in business only for a 
few months, almost any draft device will 
do, but should they intend to continue in 
business for a longer period, portability 



will not cut much of s figare in any sys- 
tem of draft production. 



Fig. 3. 
Induced-Draft Plant 

Lacambe Electric Co., Denver. Col 

If the rate of combustion ia increased 
by mechanical methods, so that we ob- 
tain BufBcient evaporation from a part of 
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the plant, we can dispense with one or 
more of the boilers ; the increased rate of 
combustion, however, which must be at- 
tained to do this, will naturally give us a 
less efficient rate of evaporation of water 
per pound of coal, so that the user will 
need to decide which is the more desir- 
able, to get the most out of the coal for 
its cost, or the most out of the plant for 
its first cost only. With an increased 
rate of combustion, we have added wear 
and tear on all parts of the boiler; this 
expense is also to be considered. 

As nearly all well conducted boiler 
plants have an- extra boiler or two, so as 
to allow of one or more being out of 
commission all of the time for cleaning or 
repairs, there is no advantage in having 
a "smaller boiler plant.*' 

Davidson*^ System. 

A system of forced draft invented by 
Mr. Davidson of Belfa^ [Eleo. Times — 
London] consists of a cylindrical box of 

diameter equal to the furnace fitted on 
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its front, from which cast-iron tubes 
project at a slight declivity over the fire, 
through which air is blown over or into 
the fire, and by tubes into the ashpit, 
the air in it is also kept under pressure. 

Tests made on four boilers thus 
equipped, at a large manufacturing plant 
showed 



Coal used daring working 
hours 

Gallons of water evaporated 
during working hours . . . 

Evap. per lb. of coal 

Cost of coal per week, £.s.d. 



A. 



50 tons 

80000 

7. 14 lbs. 
23.19.2 



B. 



64itons 

80000 

5.53 lbs 
17.14.9 



or a saving of 25% in coal bill by using forced 
draft, B, over natural draft, A. (St. Eng., v. 3, 
p. 250). 

The late Eckley B. Coxe, probably 
more than any other man, understood 
the successful burning of small anthra- 
cite coal. 

In a paper* before the New England 
Cotton Manufacturers* Association in 



* N. E. Cotton Mfrs. Assn., No. 88, p. 142. 
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1896 on this general subject, when treat- 
ing of steam-making and boiler settings^ 
he gives the unavoidable losses of com- 
bustion as follows : 

^^ Fir St. — ^The heat lost by converting 
into steam the water contained in the 
coal, in the air used in burning it, and 
that formed by the burning of the hydro- 
gen and heating it to the temperature at 
which the gases leave the stack. 

^"^ Second, — The heat necessary to raise 
the carbonic acid gas formed by burning 
the carbon, the nitrogen present in the 
air, and the sulphurous anhydride, that 
may be formed by burning the sulphur^ 
to the stack temperature. When we 
have perfect combustion there will also 
be a certain amount of free oxygen in the 
stack gas, which must also be heated to 
the same temperature, as it is impossible 
not to have a certain excess of air when 
the combustion of the coal is complete 
or nearly so. There is also a certain 
amount of heat lost by heating the ashes 
which are taken from the ashpit at a 
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temperature above that at which the coal 
enters the furnace, and there is a certain 
amount of unconsumed carbon remain- 
ing in the ash which occasions a loss, in 
many cases a large one. The latter can, 
by careful firing, be very much reduced, 
but can never be entirely eliminated. 
There is also an unavoidable loss occa- 
sioned by the radiation from the boilers 
and walls, which, by careful construc- 
tion, and coating the plant as far as pos- 
sible with non-conducting materials, may 
be reduced, but never eliminated. 

*'The avoidable or partly avoidable 
losses are : 

'^ First. — Those due to incomplete 
combustion. Too large a proportion of 
the carbon may be unconsumed and pass 
out with the ash, a portion of the carbon 
instead of being burnt to carbonic acid 
may be converted only into carbonic ox- 
ide, and thus 69.62 per cent, of the heat 
units in the carbon be lost, a certain 
amount of hydrogen and marsh gas may 
be allowed to pass out of the stack, and 
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all the heat units contained in them be 
lost. 

^^ Second. — ^Loss from excess of air. 
While theoretically, to burn one pound 
of carbon it is necessary to use only 11.60 
pounds of dry air, yet in practice this is 
not possible, as every particle of oxygen 
in the air cannot be brought in intimate 
contact with the incandescent fuel at the 
proper time, so that it is necessary to use 
more than the theoretical quantity. But 
in most cases the excess is far beyond 
what would really be required if the firing 
is carefully done. 

''This occasions great loss. 

^^ First. — Because all the oxygen not 
used and the nitrogen which accompanies 
it must be heated to the stack tempera* 
ture^ and heat thus lost; and 

Second. — Because it is practically im- 
possible to obtain air free from moisture, 
which must be converted into steam and 
heated to the stack temperature. As 
vapor of water carried into the fire by the 
air causes a loss, it is evident that the 
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artificial introduction of moisture, either 
by wetting the coal or by producing the 
blast with steam must necessarily increase 
materially the loss of heat in the stack 
gases. 

'^ TJiird, — The next avoidable cause of 
loss is too high a stack temperature. It 
is self-evident that the heating of the 
vast amount of stack gases which are be- 
tween ten and thirty times the weight 
of the coal burned, above the tempera- 
ture to which they can be economically 
reduced^ is a very serious waste, particu- 
larly if this temperature is very much in 
excess of what it should be. 

** Fourth, — Loss by removing the ashes 
at too high a temperature. In many 
cases the ashes are so hot when taken 
from the furnace that they have to be 
wetted down. Of course all this loss of 
heat that can be avoided, represents so 
many dollars thrown away. 

" Fifth, — Loss by radiation. It is im- 
portant to have the outside surface of the 
plant, up to the point at which the gases 
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cease to give up their heat, as small and 
as cool as possible, either by increasing 
the thickness of the walls, or by covering 
everything exposed to the air as much as 
conveniently can be done with non-con- 
dncting material, as the radiation in* 
creases with the area exposed, and with 
the difference in temperature of the sur- 
face of the walls above that of the sur- 
rounding atmosphere." 

We shall now consider the first three 
of the avoidable losses: 

{a) The loss from incomplete combus- 
tion is due largely to poor firing and 
careless cleaning of fires, when much un- 
burnt fuel passes through the grates, or 
when with too strong a draft the particles 
of coal dust are blown to the chimney or 
exhausted to the blower before they are 
consumed. 

(b) The loss from excess of air is one to 
which we cannot give too much thought. 

One pound of carbon requires 11.6 lbs. 
of air for its complete combustion. 

Though there is much uncertainty as 
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to just how much air is used in the burn- 
ing of fuel, it is said that with forced 
draft 50 per cent, excess air is required 
in addition to the theoretical quantity, or 
a total of 18 lbs. of air per pound of coal. 

When natural chimney draft is used 
100 per cent, excess of air or 24 lbs. of 
air per pound of coal. 

First Case. — Natural draft, 60 deg. F. 
temp, of outside air. Escaping gases, 
60 deg. plus 440 deg., or 500 deg. F. 

One lb. of coal requires, with 100 per 
cent, excess of air, 24 lbs. of air. 

Second Case, — Forced draft, 60 deg. F. 
temp, of outer air. Escaping gases, 60 
deg. plus 240 deg., or 300 deg. F. 

To raise one lb. air — First case re- 
quires 0.2377 X 440 = 105 B. T. U. 

To raise one lb. air — Second case re- 
quires 0.2377 X 240=57 B. T. U. 

One lb. of coal, forced draft, wastes 
18 lbs. of air, with 57 B. T. U. each lost, 
or 1126 B. T. U. per lb. coal. One lb. 
of coal, natural draft, wastes 24 lbs. of 
air, with 105 B. T. U. each lost, or 2520 
B. T. U. per lb. of coal. 
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Under the above iioted conditions tlierer 
is a waste of 2520-1126 or 1394 B. T. U.; 
per lb. of coal burned with natural draft 
as compared with forced draft. Consid- 
ering the heat units per lb. of coal as 
14200 B. T. XJ. we have a heat loss from 
using natural draft equivalent to 

2520x100 ^^ ^, 
-3j^^^= 17.74 per cent. 

We have a heat loss from using forced 
draft equivalent to 

1126 X 100 ^ ^^ 

14200 = ^-^^ P"' ""^^- 

From the above we have a heat loss of 
17.74—7.93 = 9.81 per cent, from using 
chimney draft, which may seem to be in 
favor of forced draft by a centrifugal 
blower, but it can readily be appreciated 
that when the air needed to complete 
combustion, or admitted to the fire 
when natural draft is used, approaches 
the quantity sent through the fire by a 
blower, there is less and less economy of 
the blower over the chimney until when 
the amount of air is the same, no differ- 
ence exists as to the economy of the one 
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method over the other, excepting the 
interest and operating expenses of the 
Wower, which latter is a considerable 
item and one not to be lightly turned 
aside. The influence of surplus air and 
a common temperature of escaping gases 
on the economy of a boiler is shown by 
what E. B. Coxe says: *'If you have 3 
per cent, free oxygen, 17 per cent, car- 
bonic-acid gas, and 80 per cent, nitrogen, 
and a stack temperature of 500 deg. F., 
the heat loss is 12.27 per cent. 

If you have 1 per cent, of carbonic ox- 
ide, 3 per cent, of free oxygen and 16 per 
cent, of carbonic acid, and a stack tem- 
perature of 500 deg. F.j the heat loss is 
16.12 per cent. 

Thorough burning of (CO) carbonic 
oxide is necessary to a high heat efficiency. 

From the following table : 

Air at 300 deg. F. has a volume of 1.546 cu. ft. 
*« 500 '* ** •• 1.954 •' 

based on a volume of 1 for air at 32 deg. F. 

So that from the above the chimney 
moves about 26.39 per cent, greater vol- 
ume of air than the fan. 
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Composition of Dry Air. 





By Weight 


By Volume 


Nitrogen 

Oxygen 

N/0 


76.815 

23.185 

3.313 


79.04 
20.96 
3 7709 


f >^.. •••■•«•••• 





[From J. P. Cooke' a Principles of Chemical Philosophy.] 



Table of Weight and Volume of Dry Air. 





Pressure 








Pounds per 






Poands per 


Sq. In. above 


Volume in 


Atmospheres 


Sq. In. above 


the Atmos- 


Cubic Feet 




a Yacnum 


phere (Gauge 








Pressure) 




1.00 


14.70 


0.00 


1.0000 


1.10 


16.17 


1.47 


0.9346 


1.25 


18.37 


3.67 


0.8536 


1.50 


22.05 


7.35 


0.7501 


1.75 


25.81 


11.11 


0.6724 


2.00 


29.40 


14.70 


0.6117 


2.50 


36.70 


82.00 


0.5221 


3.00 


44.10 


29.40 


0.4588 


8.50 


51.40 


36.70 


0.4113 


4.00 


58.80 


44.10 


0.3741 


6.00 


73.50 


58.80 


0.3194 


6.00 


88.20 


73.50 


0.8806 


7.00 


108.90 


88.20 


0.8516 


8.00 


117.16 


108.90 


0.2888 


9.00 


132.30 


117.60 


0.2105 


10.00 


147.00 


138.30 


0.1953 


15.00 


220.50 


205.80 


0.1465 


20.00 


294.00 


279.30 


0.1195 


25.00 


367.60 


852.80 


0.1020 



32 



Volume and Weight of Dry Air 

at Different Temperatures under a constant Atmos- 
_ pberic Pressure of ag.ga inches of Mercury in the 

Barometer (One Atmosphere), the Volume at 33 

Deg^rees Fahrenheit being z. 



s « 


fl *j 


"» ^ « 


§ « 


a -M 


* -M m 


Temperatu 
in degree 


lume i 
bic fee 


ight of 
bic f 00 
ponndi 


Temperate 
in degree 


lume ii 
bic fee 


[ght of 
bicfoo 
poundi 


5^ 3 


1 s^ 


;?§ 


0) P d 


dSi 


1.000 


0.0807 


660 


2.960 


0.0357 


42 


1.020 


0.0791 


700 


2.862 


0.0888 


62 


1.041 


0.0776 


760 


2.464 


0.0328 


68 


1.061 


0.0761 


800 


2.566 


0.0315 


72 


1.082 


0.0747 


850 


. 2,668 


0.0803 


82 


1.102 


0.0733 


900 " 


2.770 


0.0292 


92 


1.122 


0.0720 


960 


2.872 


0.0281 


102 


1.143 


0.0707 


1,000 


2.974 


0.0268 


112 


1.163 


0.0694 


1,100 


3.177 


0.0264 


122 


1.184 


0.0682 


1,200 


3.381 


0.0239 


132 


1.204 


0.0671 


1,300 


3.585 


0.0226 


142 


1.224 


0.0660 


1,400 


3.789 


0.0213 


152 


1.245 


0.0649 


1,500 


3.993 


0.0202 


162 


1.265 


0.0638 


1,600 


4.197 


0.0192 


172 


1.285 


0.0628 


1,700 


4.401 


0.0183 


182 


1.306 


0.0618 


1,800 


4.605 


0.0176 


192 


1.326 


0.0609 


1,900 


4.809 


0.0168 


.202 


1.847 


0.0600 


2,000 


5.012 


0.0161 


212 


1.867 


0.0691 


2,100 


6.216 


0.0166 


280 


1.404 


0.0675 


2,200 


5.420 


0.0149 


250 


1.444 


0.0569 


2,80Q 


5.624 


0.0142 


275 


1.495 


0.0540 


2,400 


6.828 


0.0138 


300 


1.546 


0.0522 


2,500 


6.082 


0.0183 


325 


1.597 


0.0506 


2.600 


6.286 


0.0130 


850 


1.648 


0.0490 


2,700 


6.440 


0.0125 


jfrs 


1.689 


0.0477 


2,800 


6.644 


0.0121 


400 


1.750 


0.0461 


2,900 


6.847 


0.0118 


450 


1.852 


0.0436 


3,000 


7.051 


0.0114 


600 


1.964 


0.0413 


3,100 


7.255 


0.0111 


560 


2.056 


0.0384 


3,200 


7.439 


0.0108 


600 


2.158 


0.0376 









[From Compressed Air.} 
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Calorific Power and Air Required per Cubic 

Foot. 



1 Cubic Foot 


B. T. U. 

at60°F. 
and 30'' 


Cubic feet 
required 


Cu. ft. 
formed of 




326.2 

323.5 

1009.0 

1558.0 


0. 


Air 


Steam 


COa 


Hydrogen 

Carbon Monoxide 

Marsh Gas < 

defiant Gas 


.5 

.5 

2.0 

3.0 


2.39 

2.39 

9.56 

14.34 


1 

2 
2 



1 
1 
2 



Air = 20.92 per cent, of Oxygen. -,«,>,, ^, „., 
1 lb. Carbon burning to COa requires 11.6 lbs. of air. 
1 lb. Carbon burning to CO requires 5.8 lbs. of air. 
[R. D. Wood & Co.] 

From tests made at the Electro-tech- 
nical Exhibition, Erankfort-on-Main, in 
1891, we have for two types of water-tube 
boilers these results : 



Per ct. heat utilized by boiler. . . . 
" lost in escaping gases 

" " ashpit 

** unaccountable, radia- 
tion, etc 



tt 
tt 
ti 



Total loss 



Times theoretical quantity of air 
supplied 

Temp, escaping erases, degrees F. 

Water gauge (with Siegert Durr's 
Instrument) 




73.30 

17.70 

3.10 

5.90 
100. 



1.82 
590. 

0.20 in 



[See N. E. C, M. A. No. 58, p. 168, for more complete table] 
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Theteat lost, etc., confirm in a general 
way the previous culculatioos. . _ 

The losses from too high a temperature 
of the escaping gases are common to 
boiler plants, and with a blower forcing 
the draft, the temperature maj eusily and 
frequently does become oscesBively high. 

The economy of the low fine tempei"a- 
tures, combined with comparatiyely low 
rates of combustion, low percentages of 
CO, and little or no free osygen in the es- 
caping gases, is shown quite conclusively 
by the following reports of actual tests ; 

Tests of a Babcock and Wilcox Boiler.* 
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Niclausse Boiler.'*' 



Mat, 1899. Day 


2d 


3d 


4th 


5 th 


6th 


Average per cent. CO-.. . 

- - - — Vr, . 4 » t \ 

CO... 

N 

TemD. esc. sases. des. F. 


6.18 

U.58 

.94 

81.30 


5.07 
13.78 
.62 
80.58 
525 
70.7 
80.4 

189:i 
26.79 

10.88 


4.95 

.77 
80.65 
464 
62. 
79.8 


6.74 
-11.62 
.53 
81.11 
389 
69.4 
85. 


7.10 

9.60 

.90 

82.40 

794 


" outside air, " 
" fire room, deg. F. . . 
" of air enterlDg ash- 
pit, *deg. F. 


84.6 
98.2 

106.4 
26.63 

10.24 


69. 
96.6 

319.9 


Bate of combuBtion, coal. 

Eqiiiy. evap. from and at 

212<» F. per lb. combas. 


23.87 
9.76 


14.24 
10.78 


46.18 
9.22 



Gas Analysis— Boiler Tests. 



1 

2H. 
3H. 
4ff. 



^a-^-i 6H, 

I QJ *- I 

7 



o *5 f 



1 


u 


Com- 
ion. 


K ' 




1 "3 -.: 


S 


r 


20.45 


12.19 


20.95 


12.70 


34.06 


11.47 


35.61 


11.50 


60.95 


11.43 


48.31 


11.12 


59.75 


10.52 



Per Cent. 



o 
o 



14.0 
12.7 
13.1 
12.8 

11.8 
14.5 



4.5 
5.7 
4.2 

5.7 

6.9 

4.8 



O 

o 



1.1 

0.0 
1.5 
0.6 

0.4 
0.2 



iS • 



16.8 
19.1 
17.3 
18.8 

20.6 

17.7 



bo 

a 

-si 

s 



466deg.F, 

493 

608.6 

57o:r- 

640.0 

637.0 

less than 
900 deg.F. 



Pocahontas— Flat Top Mine— Coal was used in all tests. 
Contained considerable slate; clinkered badly. 
[St. Eng. Bep.,V. S. N., 1900. See same for full details.] 

* For U. S. S. Alert, 1899.— /S^. Eng. Sep., U. S. N. • 
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From testa of boilers* where forced 
natural draft was used, these results ac- 
company very economic evaporation : 



•rm^fm 



'III I I 



Boiler pressure, by gauge, 

lbs. per sq. in 

Temp, escaping gases deg. F. 




Another avoidable furnace loss is too 
high temperature of the escaping gases; 
for example, in tests made on B. &. W. 
boilers with Coxe Stokers, at Deringer, 
Pa., we have: 



Rate of Combustion, lbs 

Temp, of escaping gases, deg. P. 
Equiv. evap. per lb. of combus- 
tion, lbs 

Air pressure in ashpit, inch, water 




20.34 
900 

8.51 
1.00 



The loss in evaporation in the second 
test accompanies a very high temperature 
of 900 deg. F. 

A forced draft plant now in operation, 
without an economizer, delivers the escap- 

* Barrns. 
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ing gases at such a high temperature, say 
1,000 deg. F., that at times they heat the 
short steel chimney to a dull-red heat. 

In the Otto Colliery, Branchdale, Pa., 
cylinder boilers under forced draft de- 
liver- the gases at about 1,600 deg. F., 
and vertical boilers, 711-732 deg. F., in , 
both of which the evaporative efficiency 
is low. 

The highest evaporative efficiency of a 
gun-boat type of horizontal boiler was 
reached with the temperature of escaping 
gases at 616 deg. F,, with a certain type 
of vertical boiler 500 deg. F., another 
421 deg. F. 

Forced draft used alone generally re- 
sults in higher temperature of the escap- 
ing gases than is usual with natural 
chimney draft; we here have another ob- 
jection to forced draft. 

The Purdue tests show that after a 
certain high rate of combustion has been . 
reached, as it increases the temperature 
of the escaping gases decreases — the same 
total quantity of coal being burned in a 
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given time on a grate of varying area, 
under the same boiler, but that point is 
reached only at a very large rate of com- 
bustion. 



Coal per hour per square foot 
of grate lbs. 

Temp, of escap. gases, .deg. F. 

Draft, in inches of water 

Equivalent evaporation per lb. 
of combustion lbs. 




^40.80 
500 
6.60 

6.67 



Noting for example that the tempera- 
ture of steam under 100 lbs. pressure by 
gauge is 338 deg. F., and 150 lbs., 366 
deg. F., we can readily see that the nearer 
the temperature of the escaping gases is 
to the temperature of the steam in the 
boiler the more economical the boiler is, 
the temperature of the flue gases should 
not exceed 400 deg. to 500 deg. F. for 
economy. 

The utilization of the heat of waste 
gases, or the waste heat in escaping gases, 
especially when forced draft is installed, 
is best accomplished in many cases by 
putting in an Economizer as an adjunct 
to the boiler plant. 
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It is to all intents and purposes a feed 
water heater, and is described by one 
manufacturer as follows : 

The Economizer consists of ti series of 
sets of cast-iron tubes about 4 inches in 
diameter and 9^ feet in length, made in 
sections (of various widths) and connect- 
ed by ''top" and "bottom headers,'^ 
these again being coupled by ' * top " and 
"bottom branch pipes ". running length- 
wise, one at the top and the other at the 
bottom, on opposite sides and outside the 
brick chamber which encloses the appar- 
atus. The waste gases are led to the 
Economizer by the ordinary flue from the 
boilers to the chimney. 

The feed water is forced into the Econ- 
omizer by the boiler pump or injector, at 
the lower branch pipe nearest the point 
of exit of gases, and emerge from the 
Economizer at the upper branch pipe 
nearest the point where the gases enter. 

Each tube is provided with a geared 
scraper, which travels continuously up 
and down the tubes at a slow rate of 
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speed, the object being to keep the exter- 
nal surface -clean and free from soot, a 
non-conductor of heat. 

The mechanism for working the scrap- 
ers is placed on the top of the Economiz- 
er, outside the chamber, and the motive 
power is supplied either by a belt from 
some convenient shaft or small indepen- 
dent engine or motor. The power re- 
quired for operating the gearing, how- 
ever, is very small. 

The apparatus is fitted with blow-off 
and safety valves, and a space is provided 
at the bottom of the chamber for the col- 
lection of the soot, which is removed by 
the scrapers. 

Economizers are not installed in Amer- 
ica so extensively as in Europe, for the 
European design of boiler costs less per 
H. P. than the American boiler and con- 
sequently Americans put in more boiler 
and less Economizer. 

In America, where boilers are compar- 
atively expensive, the Economizer is used 
to take the gases after they leave the 
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boiler, and reduce them, by heating feed 
water to the lowest possible temperature. 

Economizers in no way alter the con- 
ditions in the boilers of plants of which 
they form a part, but they materially, in 
many — ^yes, in most of cases, add to the 
efficiency of the steam plant. 

From four tests made by Mr. Barrus^ 
we have : 





1 


2 


3 


4 


Degrees of temp, of gases lost 
in Bconomizer, 


145 

80 
231 

10.5 


107 

66 

254 

7 


104 
58 
299 
9.3 


156 


Degrees of temp, of feed water 
raised in Economizer 

Degrees of temp, of gases leav- 
ine Economizer 


92 
279 


Per cent, increase in evapora- 
tion dae to Economizer 


12.S 



The evaporative efficiency of the boiler 
being increased from 7 to 12.8 per cent. 

In these tests the temperatures of the 
gases leaving the Economizer were from 
231° to 299^ F. 

Had the gases not passed to an Economi- 
zer, the temperature of 500° F., or 961.2° 
absolute, would be compared with 231^ 
or 691.2° F. absolute or with 299° F. 
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or 760.2 absolute, in order to ascertain 
the intensity of chimney draft produced 
in either case,.and as the intensity is a 
direct function of absolute temperatures, 
we can say in a general way that the loss 
of intensity of draft due to the loss of 
heat in the economizer is 30 per cent. ; 
therefore, to produce the same draft in 
an economizer plant, a chimney say 41 
per cent, higher than^f or an ordinary in- 
stallation without an economizer would 
be necessary. It is because of the gases 
reaching the chimney of a given plant at 
a t emperature below 300 deg. F. that 
forced combustion is employed to provide 
sufficient draft without using a chimney 
for the purpose. Unless the boilers and 
economizers are designed with special 
reference to forced combustion, the gases 
are likely to escape from the boiler setting 
at a much higher temperature than with 
natural draft, resulting in an inefficient 
boiler ; at the same time the gases leaving 
an economizer in a forced draft plant are 
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frequently not so very much lower than 
may be obtained with natural draft. 

Whatever saving there may be in a 
blower-economizer outfit over natural 
chimney draft should be credited to the 
economizer alone. . 

With a chimney alone producing draft 
we have a heat loss of about 17. 74 per 
cent. (50 excess air.) With a blower 
alone, a heat loss of 8 per cent, to which 
we should add the cost of operating the 
blower, which is from 1 to 7 per cent, of 
the steam made in the boilers. 

Anthracite Pea Coal. Averages Ibe. 

5 tests — Stationary Tupper grates — 

Natural draft 10. 17 

4 tests — Shaking grates — Natural 

draft 10.45 

8 tests— Shaking grates — Natural 
draft and Steam Blower (steam 
made used in blower). .-, 10.39 

Anthracite Buckwheat Coal. 

1 test — Shaking grates — Natural 

draft , 10.86 

2 tests — Shaking grates — Natural 

draft and Steam Blower (steam 

made used in blower) 9.96 

With a blower and economizer outfit 
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"vrhich gives the same flue temperature as 
in a chimney and economizer, we have a 
loss which is the cost of operating the 
blowers. 

Two Vertical *' Manning" Boilers, 
when operated under the conditions 
named, gave the preceding equivalent 
evaporation from and at 212 deg. per lb. 
of combustible, showing as far as they go 
the economy of shaking grates. 

All of the blower methods of draft 
production must be considered in con- 
nection with, and be planned with espe- 
cial regard to the quantity of fuel to be 
burned in a given time, and the amount 
of air needed for the complete combus- 
tion of the fuel, which air must necessa- 
rily pass through the blowers. 

18 to 25 lbs. of coal per square foot of 
grate per hour is all the coal that should 
or can be burned with economy under 
natural draft, a greater amount necessi- 
tates forced draft. 

Another thing which should not be 
lost sight of in connection with the burn- 
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iug of small coals, is that the unburnt 
coal falling through the grate which in 
the case of anthracite culm has reached 
58 per cent, (found in the ashes). 

Fan, Stoker and Economizer Engines 
in a 24-hour test used 800 lbs. of coal to 
burn 19,612 lbs. of coal or 4.01 percent. 
Sturtevant Fan, American Stoker and 
Green Economizer. — Eng. Rec. Vol. 42> 
p. 348. 

The effect of the temperature of the 
gases on the power required to operate a 
fan, is shown clearly by the following: 

Effect of Temperature of Gases on Fan 

Load. 



Indnced Draft. 



Draft in inches of water 

Temperature of gases at fan, deg. F. . 
Speed of fan, revolutions per minute. . 
Current req. by fan motor, amperes. . 
Current generated by plant, amperes. . 

Proportion used by fan, per cent 

Boiler H. P. developed 



1 


2 


0.42 


0.46 


199.6 


162.5 


154 


179 


10.3 


13.3 


896 


1236 


1.15 


1.17 


581.7 


600.6 



8 



0.24 
330 
280 
20.4 
960 

2.0B 
439.2 



The blower used was an American 
Blower Co.^s centrifugal fan with 28 x 84 
inch wheel. 
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3. 

s 

a 



88§8§l5i§88a8S]sigeofFaiL 



tSS88SSg38SftS5S8 



Diam. Wheel 
inobea 



S8!^:^SS£8StS8:sS!«:s 



width at Per- 
iphery. 



SSe2388Si<^SS88|28 



Dlam. of Inlet. 



21:3883: !fe^S$SS8^!S£SS 



size of Outlet. 
Inches square. 



l§88iS§8§l§§§i 



Speed B. P. M. tor 
i-ineh Draft. 



S 66 3 S <0 8 V GO 00 Si n «0 Ok o« 

§§§§§§i§i§§§l'§ 



Capacity of Fan In 
cubic feet per 
minute. Temp. 
Gases 560 deg.F. 



tiii§iii§g|g§gs 



H. P. Boiler Ca- 
pacity from Fan 
capacity. 



(9 O ^ O 0« itk. 09 »9 i« N> i-« •* 



Pounds Goal per 
hour at 5 pounds 
per H. P. hour. 






Evaporation per 
hour at 84 5 
pounds Water 
perH. P. • .» 






Bralce H. P. to 
drive Fan at 
Speed. 



;l[i|ggi§i3§§ii 



Capacity of Fan 
per inch Width 
at Periphery. 






. • • 



3iS§l^§gg§il§«e 



5^ p! per inch 
Width at Perl 
phery. 



^.^utttd^^,^ I Cubic feet Air per 

?P * W j«.-4*a p.»^ o* *^ «• !• I minute for Com- 

lllliilliiii.! g^^F. ■'"*• 



0."9S 



.«;? 



s E 
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The third test, gases 130 deg. hotter 
than first; require about 100 per ceijt. 
more power, and yet the boiler evapora- 
tion is about 20 per cent, less than in the 

first test. — Curtis Pub. Co., by Davis & 
Griggs. 

The cost of the above Mechanical 
Draft outfit (2 fans), including motors, 
was $5.53 per boiler H. P. 

The data concerning Induced Draft 
Fans in the accompanying table is taken 
from the 1901 catalogue of the Aniefican 
Blower Co. 

One of the recent installations of In- 
duced Draft apparatus is that- of -the 
Curtis Publishing Co., Philadelphia, Pa., 
which contains 3 (250 H. P.) B. & W. 
Boilers for 160 lbs. pressure. 

An old chimney 30 x 40 inches by 90 
feet high. 

The Induced Draft plant was installed 
in duplicate, i. e. one plant in reserve, 
by American Blower Co. 

Fan, 120 inches, water cooled bearings, 
8 H. P. Electric Motor. 
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Temperature of escaping gases 540 
deg. F. from boiler. 

Temperature of escaping gases 260 
deg. F. from economizer. 

The fan requires 1.4 of the power 
used by the plant. — {Etig. Rec. Vol. 43, 
p. 172.) 

The economizer consists of two brick 
chambers, each containing 24-6 tube sec- 
tions of 4-j^ inch pipe, each pipe 7^ feet 
long; cost, including masonry, was $5.73 
per boiler H. P. 

Results from Tests. 



Temp.of gases leaving boilers . . 
»* " " " economizer 
" ** water entering ** 
*♦ " »* " boUers.. 

Saving dae to economizer . per ct 



4 
deg. F. 



411 
199.6 
116.9 
212.6 
9.92 



2 

deg. F. 



422 
168.5 

88.2 
192.9 

16.01 



8 
deg. F. 



474 

Bc'n.ofl 

it II 

88.8 



[Davis & Griggs.] 



Economizer Tests. 

Tests made at the 74th Street station 
of the Manhattan Elevated Railway, New 
York City, resulted in these facts: 
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The nnit of absorption is 3.5 B. T. IT. 
per square foot per hour per degree dif- 
ference in temperature. 

Loss of draft in economizer 

H = pounds of gases per square foot of 

draft area per hour. 
n = number of sections in length of 

economizer. 

During this test these averages were 
obtained as follows : 

Water entering economizer. ... 93. 5° F. 

Water leaving economizer 203. 8° 

Temperature gases at chimney . 399° 
Draft entering economizer. . . .0.64" 

Draft leaving economizer 0.87" 

Draft in chimney at base 1.16" 

Chimney feet high. 

The Sturtevant Co. in "Mechanical 
Draft '' give the following rule for ca- 
jiacity area of a blast fan: 



60 

The square inches of blast, or capacity 
area of a cased f an^ is approximately : 

Capacity area = -^sp 

D = diameter of fan wheel in inches. 
W = width of fan wheel at circumference 

in inches. 
X = constant dependent on type of fan 

and casing. 
In general practice X = 3. 

The area of the casing outlet is always 
larger than the above figures give for 
<5apacity area. 

The volume of air passing through the 
fan is calculated from the capacity area. 

The power required to operate a fan 
Yaries with the air pressure, volume, tem- 
perature, and its efficiency in generation 
depends upon whether a belt-driven fan 
is used, or the power is furnished by di- 
rect connected motor or steam or other 
type of engine. 
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Blowers. 

Sturfcevant No, 2 monogram blower, 
no piping, 1800 revolutions per minute, 
0.8 H. P. (D). --- 

Sturtevant No. 9 foundry blower, sup- 
plying iron-melting cupola, 25 H. P. 
(W. 26). 

No. 6 Sturtevant*— Fan wheel 23 in. 
diam. x 6| at periphery. . Diameter of 
inlet on each side is l^J in.: 8. blades, 
area 45.59 sq. in. each. At a dpeed of 
1468 rev. per min., blast 3 oz. to sq. in. 
took 3.55 H. P. with. area of discharge 
of 44 sq. in. giving ^750 cu. ft. of air 
per min. At a speed of 1519 rev. per 
min. blast pressure, 3.5 oz. per sq. in. — 
0.8 H. P. with opening closed and no 
air delivered. 

Mr. Snell ran air through a tubular 
heater placed about 30 feet from the 
blower; at 1100 revolutions per minute of 
blower, air was discharged at 161 deg. F., 

* Topfcal DiBCuseion, 223-226. Trans. A. S. M. E.^ 
Vol. 7. Mr. H. I. Suell. 
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water would have been 190 deg. F. ; at 
2100 revolutions the air was a little 
higher temperature. — Trans. A. S. M. 
B.y Vol. 20, p. 89. 

Steam to operate steam jet — 7.4 of 
boiler evaporation. 

Steam to operate steam jet — 8.78 of 
of boiler evaporation. 

Fan — i per cent, of boiler evaporation 
used to drive the fan. 

Fan— 18 H. P. to supply 1800 to 1960 
boiler H. P. 

Fan— 3.21 H. P. to supply 401.5 boiler 
H. P. (Whitham). 

Fan— 5.6 H. P. to supply 520 boiler 
H. P. (Wagner). 

Admitted relative efficiency of fan to 
jet 8 to 1. 
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Steel Pressure Blowers. 
Table of Dimeusioiw. 




Dimensions in inches. 



Table of Speacte and Oapaoities in 
Oubio Feet per Minute. 
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Table of Speeds and Capacities for 
Cupola Servioe. 
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Cupola Practioe Tests. 

Booths Blow», Acme No. M. 
Iron melted, 23 tons, 10 cwt. 5 tons melted per hour. 





Motor 

and 

Shaft 

light. 


Blowing Cupola 




tS^^m 


Minim. 








Re volutions 




860 
346 
104 
82.7 

28.2 
4.5 


350 


Volts 


245 
14 
4.6 


233 


AniDeres 


66 


E. H. P. Total 

** Ayeraere 


21.7 


Time, hours • . . 













Boot's Blowor. Acme No. E. 
Iron melted, 12 tons. 7 tons melted per hour. 





Motor 

and 

Shaft 

light 


Blowing Capol 




Maxim. 


Minim. 


Revolutions 




430 

287 
57.0 
17.1 
15.94 
3.00 


394 


Volts 


232 
9.5 
2.96 


225 


Amperes 


50.0 


E. H. P. Total 

** Average 


15.2 


Time, hours 













The first cupola has a capacity of 7 
tons per hour. 



The American Blower Co. also gives 
this table of data concerniug fans for 
forced draft, which only goes as far as 
fans with wheel 33 inches in diameter. 

BlowerB for Forced Draft. 



A NiclauBse* (Marine Type) water tnbe 
boiler was under test on land, and it was 
desired to maintain a rate of combastion 
of 30 lbs. of coal per square foot of grate 
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per hour. "It was difficult to regulate 
the blower so as to obtain the desired uni- 
form rate of com bustion. '^ ' ' The weather 
cleared and a fresh breeze sprang up, in- 
creasing in strength so that the blower, 
started at 500 revolutions, had to be 
gradually slowed to 330/^ 

The maximum rate of combustion un- 
der this boiler with forced draft was 
46.76 lbs. of coal per square foot of grate 
per hour, which may be considered the 
maximum for "naval vessels other than 
torpedo boats and destroyers." 

One authority has carefully analyzed a 
representative boiler test, and gives the 
following losses: coal capable of evapo- 
rating 13.97 lbs. of water per lb., actually 
evaporated 9.68 lbs. : 



Losses — Chimney . .12.59 per cent. 
Ashpit, . . 2.68 
Not specified . 15.43 

Total . . 30.80 
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The products of combustion are given 
by Williams as : 

1. Steam — higbly rarefied, invisible^ 
and incombustible. 

2. Carbonic acid — invisible arid incom- 
bustible. 

3. Carbonic oxide — invisible, but com- 
bustible. 

4. Smoke — ^visible, partly incombusti- 
ble, partly combustible. Hydrogen is in- 
visible. * 

Carbon returns to black state and be* 
comes visible. Much can be learned re- 
garding the completeness of the combus- 
tion of fuel by the analysis of the escaping 
gases. 

A large boiler with a good fire gave 
gases with: 

16.5 per cent, of CO, 

3.3 '' "0 

0.9 '' ''CO 

71.3 " '' N 

92.0 
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See Table X, pp. 158, 159, Trans. 
JV: E. C, M. A, No. 58. 

Smoke prevention is in reality complete 
combustion, and forced combustion aids 
or rather prevents smoke only in so far 
as it regulates the quantity of air fed to 
the fire. 

One authority in Mechanics* some 
years ago gave these notes on smoke pre- 
vention : 

'* The question of smoke prevention 
has agitated the minds of engineers for 
many years, although pretty well solved 
by Mr. C. Wye Williams more than 20 
years ago. Many of the so-called inven- 
tions of the present day are either mere 
copies of his or reinventions of what was 
known to him and used in his experi- 
ments. The principle of burning 'the 
gases of coal is best illustrated in the 
Argand and Siemen's burners for lamps, 
and depends wholly on a thorough and 
intimate mixture of air with the gas 

* Published in Philadelphia, Pa. 
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at a high enough temperature to insure 
combustion — i. e. , the air must be mixed 
with the gas before the latter has been 
cooled down by contact with cold sur- 
faces. Then by having openings for air 
through the doors, and by firing alter- 
nately and reversing the draft, the gas 
from the fresh coal is passed over the in- 
candescent coal on the other side, and so 
burned before it reaches the combustion 
chamber or tubes, in which case the com- 
bustion chamber may be smaller than 
otherwise. 

" Another way is to have the fire 
chambers side by side, and supply the air 
at the bridge as the gases pass to the 
combustion chamber; then by firing al- 
ternately there is always a stream of hot 
gas coming in contact with the fresh gas 
from the fire chamber last fired, which in- 
sures a perfect combustion. In this case we 
have nearly the same conditions as in an 
Argand burner, burning ordinary illum- 
inating gas. The fire chamber being the 
gas producer and the combustion cham- 
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ber the burner, the combustion, com- 
menced in the former, is completed in 
the latter, and the tubes absorb the heat, 
so that the carbonic acid passes away at 
a comparatively reduced temperature.' 
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The effect of varying quantities of air 
can be readily seen by carefully studying 
notes of actual tests. 

Eob. Kane, M.D., M.B.I.A., and 
E. H. Brett, Ph.D., RL.S., conducted 
6ome elaborate tests on Williams^s patent 
furnace, when they found that with or- 
dinary charging of coal and usual air 
admitted much dense smoke passed 
through the flues at a temperature of 650 
deg. F., admitting the proper quantity 
of air, finely divided — no smoke visible — 
temperature 1211 deg. F. ; then shutting 
off one-half the air-inlets, giving one-half 
the amount of air as in the preceding 
test, lurid flame passed through the flues 
at 985 deg. F., and a light gray smoke 
issued from the chimney. 
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The following table by E. B. Coxe is- 
abstracted from a quite extensive one 
published in the N. E. 0. Manf. Assn^ 
Trans. No. 58: 

Table. 
12 3 



Gas analysis com- 

bnstible in fuel 

burned 

100 per cent, carbon. 


Number of times 

the theoretical 

air supplied 

n. 


Per cent, of heat 

lost when 

T-t=500 deg. F. 

Per cent. H. 


COa = 21 ) 

N =79 ' 


1.00 


10.1535 


COa = 14 






= 7^ 
N =79) 


1.50 


14.8241 


COa = 10 ) 






=11V 

N =79) 


2.10 


20.4288 


COa = 7 






= 14 V 
N =79) 


8.00 


28.8359 


COa = 8 ) 






=18 I 
N =79) 


7.00 


66.2008 



?1n 

79 



Formula: n = 21 

Per cent H = r(ll-5Xn)4-l]X 238x(T-t) 

14650 
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Table. 

Abstracted from same authority as the 
preceding table gives the number of 
times the theoretical quantity of air sup- 
plied, with various gas analyses: 

1 2 3 





N=79 


N=80 




CO-f-COa 


COa + CO 


co,+co 






+0=21 


+O-20 




21 


1.00 






19 


1.10 


1.05 


Original 
tab e con- 


17 


1.23 5 


1.16 


15 


1.40 


1.31 


tains 5 col- 


14 


1.50 


1.39 


umns, and 


12 


1.75 


1.60 


Column 1 


10 
8 


2.10 
2.62 


1.89 
2.29 


has every 
number 


7 


3.00 
4.20 


2.57 
3.39 


from 21 to 1 


8 


7.00 


5.00 
9.43 






21.00 







Formula for values of columns 2 and 3 is 
21 



n = 



79 



N 



?lN-On 



79 



1- 



79 On 
"2lir 



These conditions can only exist when hydro- 
gen is present in the fuel burnt, and has been 
converted into water. 
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Gas Akalysbs. 

With a McClave grate and a steam jet 
blower the analysis was 

CO, —8.20 per cent. 

CO— 13.15 '« " 
H —11.08 '' '' 

CH,— 2.00 *' " 

—0.30 '' '' 

With fan blower and stoker, 
CO.— 16. 80 per cent. 
— 1.70 " '' 
CO — .40 '' " 

Mr. Magnns Troilius* in a paper on 
** The Analysis** of furnace gases gives 
for gas from producers : 



CO, 


7.50 


8.00 


CO 


16.00 


15.50 


H 


15.30 


14.90 


OH, 


1.90 


. a • . 



Which is very similar to the first above, 
showing by the large amount of (CO) 
carbonic oxide and (H) hydrogen that 
there is a decided loss of heat. 



♦ A. I. M. K, 1888. 
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Blowers can be regulated; one would 
think that '' damper regulators^' had 
never been heard of in connection with 
chimneys; in fact, many plants are not 
now equipped with them. 

The effect, of the quantity of surplus 
air on the temperature of combustion in 
the furnace is for theoretical quantity of 
air 4940° F. above 32° F. 

SO^additional air 3332° '' '' '' " 
lOOj^ additional air 2505°^* '' " '' 

When the gases are uuder pressure, as 
in stokeholds of vessels, the temperature 
of combustion is at ordinary atmospheric 
pressure 2760° F. above 32° F. 

^tpres. of2atmos, 3475° " " '« '« 
<( (( (( Q << 3968° *' '' '^ '^ 

The first cost of steel chimneys for 
«mall horse-power is less than that of 
brick chimneys or forced combustion 
outfits. 

For very large powers it costs less to 
install the blower systems, but though 
we have no operating expenses for chim- 
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neys we have the <50st of the power -used 
to operate the blower and economizer 
engine, if the latter is used. 

We are told that compared, with the 
cost of a good brick chimney 

A forced draft plant costs 25 per cent, 
of the brick chimney; 

A single induced draft plant costs 40 
per cent, of the brick chimney ; 

A double induced draft plant costs 50 
per cent, of the brick chimney : 
but that depends entirely upon the 
design of the chimney. 

The life of a forced draft fan having 
constant use is said to be about fifteen 
years, while a well cared for steel chim- 
ney lasts from 20 to 25 years, if it is 
kept properly painted outside^ — the inside 
being protected with soot; a brick chim- 
ney lasts a hundred years. 

The relative areas of grate surface to 
boiler heating surface, when forced com- 
bustion is used, should be decided by a 
careful consideration of the kind, quality, 
and quantity of the fuel to be burned. 
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^' It has been claimed by the advocates, 
of forced draft that more power is re- 
quired to drive the fans* owing to their 
having to deal with heated gases; this 
we think wef can prove erroneous." 

Experience has shown that in a prop- 
erly designed installation it is not nec- 
essary to maintain an average vacuum 
of more than 2|- inches water gauge at 
the fan inlet, the temperature of the 
gases to be dealt with being about 450 
degrees F. 

On the other hand, it is generally 
acknowledged that about three inches 
water gauge at the fan discharge is nec- 
essary to get the best results with forced 
draft, and as the air is taken from the 
engine room its temperature may be 
taken at 80 degrees F. 

* More for iodnced draft fans. 

t ElUa and Eaves (Patent) System of Induced Draught. 
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If the supply of air to the furnace be* 
12 lbs. per lb. fuel, then volume, 

12 lbs. at 32° per lb. of fuel is 150 cu.ft. 
18 lbs. do. do. do. 225 '' 
24 lbs. do. do. do. 300 '' 

The volume at any other tempera- 
ture T is 



V = volume at 32° X 



T +461.2' 
493.2° 



= V. 



]' 



The following are some of the results : 



Deg. F. 
Tempera- 


. Supply of air in lbs per lb. of fuel. 


12 18 24 


ture 


Vol. of gases per lb. of fuel in cu. ft. 


4640 


1551 






3275 


1136 


1704 




2500 


906 


1859 


1812 


1832 


697 


1046 


1395 


1472 


588 


882 


1176 


1112 


479 


718 


957 


752 


869 


553 


788 


572 


814 


471 


628 


392 


259 


889 


519 


212 


205 


807 


409 


104 


172 


258 


844 


68 


161 


241 


322 


82 


150 


225 


800 



* Rankine, Steam Engine^ p. 286. 
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W = coal btimed in a given furnace per 
second. 

V,= Volume at 32° F. of the air sup- 
plied per lb. of fuel. 

r, = Absolute temperature of the gas dis- 
charged by the chimney. 

i\ = Absolute temperature of the air at 
32° = 493.2° r. 

r = Absolute temperature at tempera- 
ture T. 

A = sectional area of the chimney ; then 
the velocity of the current in the 
chimney in feet per second is 

u = — T-^— ' ; 
Ar„ 

Density, lbs. per cubic foot = D 
= £^i 0.0807 + ^} 



Fig. 4 
Steam Bli 
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tive efficiency of centrifugal fan blower 
to steam jet is as 8 to 1. 

The capacities of the Steam-jet Blow* 
ers and Exhausters made by L. Schutte 
& Co., of Philadelphia, Pa., are: 



Size 


Quantity of air 


Diam.of pipe, inches 




per hour in 






No. 






cubic feet 


Steam 


Air 


000 


1,000 


} 


1 


00 


2,000 


n 





4,000 


1 


2 


1 


6,000 


n 


^ 


2 


12,000 


H 


3 


8 


18,000 


2 


H 


4 


24,000 


2 


4 


5 


30,000 


24 


5 


6 


36,000 


4 


6 


7 


42.000 


3 


6 


8 


48,000 


3 


7 


9 


54,000 


34 


7 


10 


60,000 


H 


8 



A greater rate of combustion can be 
obtained with the centrifugal blower than 
with a steam jet, and steam in the ashpit 
reduces the tendency of the coal on the 
grate to clinker and form an obstruction 



Consumptioa of Steun BUsts Compared.* 



i 



(lI.a.BfltMUIl)St Ebi., I8H.™ ^^ 

to the free passage of the air necessary to 
GombusMoD. 

It is the opinion of the writer that 
wherever it ia at all practicable to do so, 
a chimney, or, what ia much to be pre- 
ferred, chimneys in multiple should be 
used; one of the largest contracting 
engineering firms who formerly were 
strong advocates of forced draft are now 
recommending chimney draft first for all 
plants with which they have to do. 
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and numerous useful tables. Thirteenth edition, 

I revised. 8vo. cloth 2 01 

AXON (W. E. A.). The Mechanic's Friend. ACk)lleG- 
tion of Receipts and Practical Suggestions. 12mo, 
- cloth 1 SI 

BACON (F. W.). A Treatise on the Richards, Steam- 

j Engine Indicator, with directions for its use. By ^ 

I Charles T. Porter. Revised, with notes and large 

additions as developed by American practice: with 

an appendix containing useful formulae and rules for 

engineers. Illustrated. Fourth edition. 12mo, cloth 1 00 

BADT (F. B.). New Dynamo Tender's Hand-book. 
With 140 illustrations. 18mo, cloth 1 00 



— Bell Hangers' Hand-book. With 97 illustrations. 
Second edition. 18mo, cloth 1 00 

— Incandescent Wiring Hand-book. With 35 illus- 
trations and five tables. Fifth edition. 18mo, cloth. 1 00 



Electric Transmission Hand-book. With 22 illus- 



trations and 27 tables. 18mo. cloth 1 00 

"BAIaE (M. p.)* Pumps and Pumping. A Hand-book 
for Pump Users. l>imo, cloth 1 60 

BARBA (J.). The Use of Steel for Constructive 
Purposes. Method of Working, Applying, and Test- 
ing Plates and Bars With a Preface by A. L. HoUey, 
C. E. l:Jmo, cloth 160 

BARKFB (ARTHUR H.). Graphic Methods of 
Engine Design. Including a Graphical Treatment 
of the Balancing of Engines. 12mot cloth. 1 61 
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BABKABD (F. A. P.). Report on Machinery and 
Processes of the Industrial Arts and Apparatus of 
the Exact Sciences at the Paris Uniyersal Ezix>sl- 
tion, 1867. 162 illustrations and 8 folding plates. 
8vo, cloth 5 00 

BABNASD (JOHW H.). The Naval Militiaman's 
Guide. Full leather, pocket form 1 25 

BABWISIC (SIDNEY, M. D., I^ondon). The Puri- 
fication of Sewage. Being a brief account of the 
Scientific Principles of Sewage PuriQcation and 
their Practical Application. 12mo, clothT lUustrated. 2 00 

BAUBCEISTBB (B.). The Cleaning and Sewage of 
Cities. Adapted from the German with permu»ion 
of the author. By J. M. Goodell, C. £. Second 
edition, revised and corrected, together with an 
additional appendix. 8vo, cloth. lUustrated 2 00 

BBAUMONT (ROBERT). Color in Woven Design. 
With 32 Colored Plates and numerous original iUus- 
^ trations. Large 12mo 7 50 

BBAUMONT, TT. and DUOAI.D CliEBK. Auto- 
cars and Horseless (Carriages (In Press.) 

BBCKWITH (ABTHUB). Pottery. Observations 
on the Materials and Manufacture of Terra-Cotta, 
Stoneware, Fire-Brick, Porcelain, Earthenware, 
Brick, Majolica, and Encaustic Tiles. 8vo, paper. 
Second edition 80 

BBBNTHSEN (A.y. A Text-Book of Organic Chemis- 
try. Translated by GreoreeM'(3k)wan, Ph.D. Fourth 
English edition, ftevisea and extended by author 
and translator. Illustrated. 12mo, cloth 2' SO 

BEBTIN (L, E.)* Marine Boilers : Their 0>nstruc- 
tion and Working, dealing more especially with 
Tubulous Boilers. Translated by Leslie S. Robertson, 
Upward of 250 illustrations. Preface by Sir William 
¥aiite. Svo, cloth. Illustrated 7 50 

BIGGS (C. H. W.). First Principles of Electricity 
and Magnetism. Being an attempt to provide an 
Elementary Book for those intencung to enter t^e 
profession of Electrical Engineering. Second edition. 
MmOfCloth. Illustrated 2 00 
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BINNS (CHAS. F.). Manual of Practical PottiDgr. 
Oompiled bv Experts. Third edition, revised and 
enlarged. SVo, doth net 7 50 

-I— — Ceramic Technolc^^; being some aspects of Tech« 
nical Science as applied to Pottery Manufacture. 
8vo, cloth net 5 00 

BLAKE (W. P.). Report upon the Precious Metals. 
Being Statistical Notices of the Principal Qold and 
Silver producing regions of the world, represented 
at the Paris Universal Exposition. 8vo, cloth 2 00 

BliAKBSIiEY (T. H.). Alternating Currents of Elec- 
tricity. For the use of Students and Engineers. 
Third edition, enlarged. 12mo, cloth 150 

BI.YTH (A. WTNTKB, M. B. O. S., F. C. S.)* Foods: 
their Comnosition and Analysis. A Manual/for the 
use of Analytical Chemists, with an Introductory Es- 
say on the History of Adulterations, with numerous 

, tables and illustrations. New edition. • ... .(In Press) 

— i-^ Poisons : their Effects and Detection. A Manual 
for the use of Analytical Chemists and Experts, 
with an Introductory Essay on the growth of Modem 
Toxicology. Third edition, revised and enlarged. 
8vo, cloth 7 66 

BODMBB (0« B.). Hydraulic Motors ; Turbines and 
Pressure Engines, for the use of Engineers, Manu- 
facturers ana Students. Second edition, revised and 
enlarged. With 904 illustrations. 12mo. cloth 6 00 

BOHiBAU (J. T.). A New and Complete Set of 
Traverse Tables, Showing the Difference of Latitude 
and Departure of every minute of the Quadrant and 
to five places of decimals. 8vo, cloth. 6 00 

BOTTONB (S. B.). Electrical Instrument Making for 
Amateurs. A Practical Hand-book. With48nius- 
trations. Fifth edition, revised. 12mo, cloth 60 



Electric Bells, and all about them. A Practical 



Book for Practical Men. With more than 100 illus- 
trations. 12mo, cloth. Fourth edition, revised and 
enlarged 6C 



— The Dynamo : How Made and How Used. A 
Book for Amateurs. Eighth edition. 12mo, cloth... 1 00 
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BOTTONE (S. B.). Electro Motors : How Made and 
How Used. A Hand-book for Amateurs and Practical 
Men. Second edition. 12mo, cloth 75 

BONNET (O. B.). The Electro-Platers* Hand-book. 
A Manual for Amateurs and Young Students on 
Electro-Metallurgy. 60 illustrations, 12mo, cloth.. 1 90 

BOW (B. H.)* A Treatise on Bracing. With its appli- 
cation to Bridges and other Structures of Wood or 
Iron. 166 illustrations. 8vo,cloth 150 

BOWSBB (Prof. E. A.). An Elementary Treatise 
on Analytic Geometry. Embracing Plane Geometry, 
and an Introduction to Geometry of three Dimen- 
sions. 1 3mo, cloth. Twenty-first edition 1 75 

An Elementary Treatise on the Differential and 

Integral Calculus. With numerous examples. 
12mo, cloth. Seventeenth edition 2 25 

■ An Elementary Treatise on Analytic Mechanics. 
With numerous examples. 12mo, cloth. Fourteenth 
edition 3 00 

An Elementary Treatise on Hydro-Mechanics. 

With numerous examples. 12mo, cloth. Fifth 
edition 2 50 

■ A Treatise on Roofs and Bridges. With Numerous 
Exercises. Especially adapted for school use. 12mo, 
cloth. Dlustrated net 2 25 

BOWIB (AUG. J., Jun.,M.E.). A Practical Treatise 
on Hydraulic Mining in Calif oniia. With Description 
of the Use and Construction of Ditches, Flumes, 
Wrought- iron Pipes and Dams ; Flow of Water on 
Heavy Grades, and its Applicability, under High 
Pressure, to Mining. Fifth edition. Small quarto, 
cloth. Illustrated 5 00 

BUB6H (N. P.). Modem Marine Engineering, applied 
to Paddle and Screw Propulsion. Consisting of 86 
colored plates, 259 practical woodcut illustrations, 
and 403 pages of descriptive matter. The whole 
being an exxx>sition of the present practice of James 
Watt & Ck>., J. & G. Rennie, B. Napier & Sons, and 
other celebrated firms. Thick quarto, half morocco. 10 00 
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BUBT (W. A.). Kev to the Solar Compass, and 
Surveyor's Oompamon. Comprising all the rules 
necessary for use in the field ; also description of 
the Linear Surveys and Public Land System of the 
United States. Notes on the Barometer, Suggestions 
for an Outfit for a Survey of Four MonUis, etc. 
Seventh edition. Pocket-book form, tuck 2S9 

CALDWSLIi, (6. C), and A. A. BBBNEMAN. 

Manual of Introductory Chemical Practice. For 
the use of Students in Colleges and Normal and 
High Schools. Fourth edition, revised and corrected. 
SvOfCloth Dlustrated 1 5(> 

CAMPIN (FBANCIS). On the Construction of Iron 
Boof s. A Theoretical and Practical Treatise, with 
wood cuts and Plates of Roofs recently executed. 
8vo, cloth 2 00 

OABTEB (E. T.)* Motive Power and Gearing for 
Electrical Machinery. A Treatise on the Theory 
and Practice of the Mechanical Equipment of Power 
Stations for Electric supply and for Electic Traction. 
8vo, cloth. Illustrated 5 00 

GATHCABT (Prof. WM. L.). Machine Elements: 
Shrinkage and Pressure Joints. With tables and 
diagrams. 8vo, cloth. Illustrated net 2 50 

■ Marine Engine Design (In Press.) 

OHAMBEB'S MATHEMATICAL TABLES, con- 
Msting of logarithms of Numbers 1 to 108,000, Trigo- 
nometrical, Nautical, and other tables. New edition. 
8vo,cloth 175 

CHAUVENET (Prof. W.). New Method of Corre<5t- 
tng Lunar Distances, and Improved Method of 
Finding the Error and Rate of a Chronometer, by 
Equal Altitudes. 8vo, cloth 2 00 

CHBISTIB (W. WALLACE). Chinmey Design and 
Theory. A Book for Engineers and Architects, with 
numerous half-tone illustrations and plates of famous 
chimneys. 12mo. cloth 3 00 

OHUBCH (JOHN A.). Notes of a Metallurgical 
Journey in Europe. 8vo, cloth 2 00 

CLABK D. (KINNEAB, C. E.). A Manual of Rules, f 
Tables and Data for Mechanical Engineers. Based 
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on the mo6t recent investlgationg. Illustrated with 
numerous diagrams. 1,012 pages. 8vo, cloth. Sixth 

edition 6 00 

Half morocco T 60 

CLARK D. (KINNEAR, C. B.). Fuel; its Combust- 
ion and Economy, consisting of abridgements of 
Treatise on the Combustion of Coal. By C. W. 
Williams; and the Economy- of Fuel, by T. S. 
Prideaux. With extensive additions in recent prac- 
tice in the Combustion and Economy of Fuel, Coal, 
Coke, Wood, Peat, Petroleum, etc. Fourth edition. 
ISmo, cloth. 1 50 

— The Mechanical Engineer's Pocket-book of Tables. 
FormulsB, Rules and Data. A Handy Book of 
Reference for Daily Use in Engineering Practice. 
lOmo, morocco. Second edition 8 00 

-Tramways, their Construction and Working, em- 
bracing a comprehensive history of the system, 
with accounts of the various modes of traction, a 
description of the varieties of rolling stock, and 
ample details of Cost and Workine Expenses. 
Second edition. Re-written and greany enlarged, 
with upwards of 400 iUustratlons. Thick 8vo. cloth. 00 

The Steam Engine. A Treatise on Steam Engines 
and boilers ; comprising the Principles and Practice 
of tiie Combustion of Fuel, the Economical Qenera- 
tion of Steam, the Construction of Steam Boilers, and , 
the Principles, Construction and Performance of 
Steam Engines, Stationary, Portable, Locomotive 
and Marine, exemplified in Engines and Boilers of 
recent date. 1,800 figures in the text, and a series 
of folding plates drawn to scale. 2 vols. 8vo, cloth. 15 00 

OI«ARK (JACOB M.). A new System of Lasring Out 
Railway Turn-outs instantly, by inspection from 
Tables. 12mo, leatherette 100 

OLAUSEN-THU h (W.). The A. B. C. Universal Com- 
mercial Electric Telegraphic Code ; especially 
adapted for the use of Financiers, Merchants, Ship- 
owners, Brokers, Agent, etc. Fourth edition. 8vo, 

cloth 600 

Fifth edition of same 7 00 

— The At Universal Commercial Electric Telegraphic « 
Code. Over 1,240 pp., and nearly 90,000 variations. 
8vo, cloth 7 50 

i 
I 
I 
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CliEEMANN (THOS. M.). The Railroad Engineer's 
Practice. Being a Short but Completo Description 
of the Duties ofthe Toung Engineer in the Prelimi- 
nary and Location Sunreys and in Ck>n8truction. 
Fourth edition. Revised and enlarged. Dlustrated. 
13mo,cloth 156 

CUBTSNGBB (S. B.)- A Treatise on tiie Method of 
Qovemment Surveying as prescribed by the U. S. 
Congress and Commissioner of the Qeneral Land 
Office, with complete Mathematical, Astronomical 
and Practical Instructions for the use of the United 
States Surveyors in the field. 16mo, morocco 2 50 

COFFIN (Prof. J. H. C). Navigation and Nautical 
Astronomy. Prepared for the use of the XJ. S. Naval 
Academy. New Edition. Revised by Conmiander 
Charles Belknap. 52 woodcut illustrations. 12mo, 
cloth net. 8 50 

GOUB (B. S., M. A.). A Treatise on Photographic 
Optics. Being an account of the Principles of 
Optics, so far as they apply to Photography. 12mo, 
cloth, 108 illustrations and folding prntes 2 50 

CM>IXINS (JAS. £.). The private Book of Useful 
Alloys, and Memoranda for Ooldsmiths, Jewelers, 
etc. 18mo, cloth 50 

GOBNWAL.I« (Prof. H. B.). Manual of Blow-pipe 
Analysis, Qualitative and Quantitative. With a 
Complete System of Determinative Mineralogy. 8vo, 
cloth. With many illustrations 2 60 

CBAIG (B. F.). Weights and Measures. An Account 
of the Decimal System, with Tables of Conversion 
for Commercial and Scientific Uses. Square 32mo, 
limp cloth , 50 

GBOCKBB (F. B.). Electric Lighting. A Practical 
Exposition of the Art, for use of Engineers, Students, 
and others interested in the Installation or Operation 
of Electrical Plants. Sixth edition, revised. 8vo, 

cloth. Vol. I. The Glenerating Plant 3 00 

Vol. n. Distributing Systems and Lamps. Fourth 
edition 3 00 
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OBOCKBB, (F. B.)t and S. S. WHBEIJBR. The 

Practical Management of Dynamos and Motors. 
Fourth edition I (twelfth thousand). Revised and 
enlarged. With a special chapter by H. A. Foster. 
12mo, cloth. Illustrated 1 00 

OUMMING (LINN^US, M. A.). Electricity treated 
Experimentally. For the use of Sdiools and Students 
Newedition. 12mo, cloth 1 M 

DA VIES (E. H.). Machinery for Metalliferous Mines. 
A Practical Treatise for Mining Engineers, Metallur> 

gists and Managers of Mines. With upwards of 400 
lustrations. Second edition, rewritten and en- 
larged. 8vo, cloth net 8 00 

DAT (CHARIiES). The Indicator and its Diagrams. 
With Chapters on Engine and Boiler Testing; 
Including a Table of Piston Constants compiled by 
W. H. Fowler. 12mo, cloth. 125 illustrations 2 00 

DBBB (W. !«.). Block Signal Operation. A Practical 
Manual. Oblong, cloth 160 

DIXON (D. B.). The Machinist's and Steam Engineer's 
Practical Calculator. A Compilation of Useful Rules 
and Problems arithmetically solved, together with 
General Information applicable to Shop-Tools, Mill- 
Gearing, PuUeys and Shafts, Steam-Boilers and 
Engines. Embracing valuable Tables and Instruc- 
tion in Screw-cutting, Valve and Link Motion, etc 
16mo, full morocco, pocket form 1 26 

DODD (GEO.). Dictionary of Manufactures, Mining, 
Machinery, and the Industrial Arts. ISmo, doth ... 1 50 

DOBB (B. F.). The Surveyor's Guide and Pocket 
Table Book. ISmo, morocco flaps. Fifth edition, 
revised, with a second appendix S 00 

DBAPEB (C. H.). An Elementary Text Book of 
Light, Heat and Soimd, with Numerous Examples. 
Fourth edition. 12mo. cloth. Illustrated 1 00 



Heat and the Principles of Thermo-Pynamics. 



With many illustrations and numerical examples. 
12mo, cloth 1 
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DUBOIS (A. J.)* The New Method of Graphic 
Statics. "With 60 illustrations. Svo, cloth 1 60 

UDDY (Prof. H. T.). Researches in Graphical 
Statics. Embracing New Constructions in Gra]c>hi- 
cal Statics, a New General Method in Graphical 
Statics, and the Theory of Internal Stress in Graphi- 
cal Statics. 8vo, cloth ..ISO 

Maximum Stresses under Concentrated Loads. 

Treated graphically. Illustrated. 8vo, cloth 1 80 

BISSIiEB (M.). The Metallurgv of Gold ; a Practical 
Treatise on the Metallurgical Treatment of Gold- 
Bearing Ores, including the Processes of Concentra- 
tion and Chlorination. and the Assaying, Melting 
and Refining of Gold. Fifth Edition, revised and 
greatly enlarged. 187 illustrations. 12mo, cloth.... 7 50 

T he Metallurgy of Silver ; a Practical Treatise on 
the Amalgamation, Roasting and Lixivation of Silver 
Ores, including the Assia.ying, Melting and Refining 
of Silver Bullion. 124 illustrations. Second edition, 
enlarged, 12mo, cloth 4 Ot 



-The Metallurgy of Argentiferous Lead ; a Practi- 



cal Treatise on the Smelting of Silver Lead Ores and 
the Refining of Lead Bullion. Including Rei)ort8 
on Various Smelting Establishments and Descrip- 
tions of Modem Smelting Furnaces and Plants m 
Europe and America. With 183 illustrations. 8vo, 
cloth 600 

Cyanide Process for the Extraction of Gold and 
its Practical Application on the Witwatersrand Gold 
Fields in South Africa. Third edition, revised and 
enlarged. 8yo, cloth. Illustrations and folding plates 3 00 

A Hand-book on Modem E2cplosives, being a 
Practical Treatise on the Manufacture and use of 
Dynamite, Gun Cotton, Nitro-Glycerine and other 
Explosive Compounds, including the manufacture 
of Collodion-Cotton, with chapters on explosives in 
practical application. Second edition, enlarged with 
160 illustrations. 12mo, cloth 6 00 

BLIOT (C. W.), and STOBEB (F. H.). A compen- 
dious Manual of Qualitative Chemical Analysis. 
Revised with the co-operation of the authors, by 
Prof. William R. Nichols. Illustrated. Twentieth 
edition, newly revised by.Prof . W. B. Lindsay. 12mo, 
doth „et 1 25 
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BIXIOT (M^. GBO. H.)* European Ligbt-House 
Systems. Being a Report of a Tour of inspection 
made in 1878. 61 engravings and 21 woodcuts. Sro, 
cloth 600 

ElXISOir. (LEWIS M.)* Practical Application of 
the Indicator. With reference to the adjustment of 
Valve Gear on all styles of Engines. Second edition, 
revised. 8vo. cloth, 100 illustrations. SS 0| 

BTEBETT (J. D.)* Elementary TezM)ook of 
Physics. Illustrated. Seventh edition. 12mo, dol^ « 00 

SWING (Prof. A. J.). The Magnetic Induction in 
Iron and other metals. 169 illustrations. 8vo, cloth 4 00 

FANNING (J. T.). A Practical Treatise on Hydrau- 
lic and Water-Supply Engineering. Relating to the 
Hydrology, Hydro-dynamics, and Practical Con- 
struction of Water- Works in North America. 180 
illustrations. 8vo, cloth. Fifteenth edition, revis- 
ed, enlarged, and new tables and illustrations 
added. 650 pages 6 00 

FISH (J. C. I4.). Lettering of Working Drawings. 
Thirteen plates, with descriptive text. Oblong, 
9x12^, boards 100 

FISKB (Lieut. BBADLBY A., U. S. N.). Electric- 
itv in Theory and Practices or. The Elements of 
Electrical Engineering. Eighth edition. 8vo, cloth 2 60 

FISHEB (H. K. C. and DABBT, W* €.). Students' 
Guide to Submarine Cable Testing. 8vo, cloth 2 60 

FISHEB (W. C). The Potentiometer and its Ad- 
juncts. 8vo,cloth 2 25 

FliKISCHMANN ("W.). The Book of the Dairy. A 
Manual of the Science and Practice of Dairy Work. 
Translated from the German, by C. M. AilrTO«.Ti and 
R. Patrick Wright. 8vo,cloth 4 00 

FI.EMING (Prof. J. A.). The Alternate Current 
Transformer in Theory and Practice. Vol. 1— The 
Induction of Electric Currents; 611 pages. New edi- 
tion. Illustrated. 8vo, cloth 5 OO 

Vol.2. The Utilization of Induced Currents. Illus- 
trated. 8vo, cloth 5 0^ 

— ^ ^ Electric Lamps and Electric Lighting. Being a 
course of four lectures delivered at the Royal Insti- 
to^on, April-May, 1804. 8vo, cloth, fully illustrated 8 00 
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FI«i:iIING (Prof. J. A.). Electrical Laboratoiy 
Notes and Forms, Elementaiy and adTanoed. 4to« 
cloth, illustrated 6 00 

FOrJBY (NEtSON), and THOS. PRAT, Jr. The 

Mechanical Engineers' Beference Book for Machine 
and Boiler Construction, in 13 parts. Part 1— General 
Engineering Data. Part »— Boiler Ctonstruction. 
With fifty-one plates and numerous illustrations, 
specially drawn for this work. Folio, half mor 86 00 

FORNEY (MATTHIAS N.). Catechism of the Loco- 
motive. Second edition, revised and enlarged. 
Forty-sixth thousand. 8vo, cloth 8 60 

FOSTER (Gen. J. G., U. S. A.). Submarine Blasting 
in Boston Harbor, Massachusetts. Removal of 
Tower and Corwin Bocks. Illustrated with 7 plates 
4to, cloth ,.,.8W 

FOSTER (H. A.). Electrical Engineers' Pocket Book. 
1000 pages with the collaboration of Eminent 
Specialists. Third edition, revised. Pocket size, 
full leather 6 00 

FOSTER (JAMES). Treatise on the Evaporation 
on Saccharine, Chemical and other liquids by the 
Multiple System in Vacuum and Open Air. Second 
edition. Diagrams and large plates. 8vo, cloth .... 7 60 

FOWIiER. Mechanical Engmeers' Pocket Book for 
1905 . 100 

FOX (WM.), and C. W. THOMAS. M. E. A 

Practical Course in Mechanical Drawing, second 
edition, revised. 12mo, cloth, with plates 1 26 

FRANCIS (JAS. B., C. E.). Lowell Hydraulic 
Experiments. Being a selection from experiments 
on Hydraulic Motors, on the Flow of Watet over 
Weirs, in open Canals of uniform rectangular 
section, and through submerged Orifices and 
diverging Tubes. Made at Lowell, Mass. Fourth 
edition, revised and enlarged, with many newexperi> 
ments, and illustrated with 23 copper-plate engrav- 
ings. 4to,cloth 15 00 

FROST (GEO. H.). Engineer's Field Book. "By C. 
S. Cross. To which are added seven chapters on Bail* 
road Location and Construction. Fourth edition. 
12mo, cloth... t^** • 1 CO 
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I 

FUIXBR (OEOBOi: W.)> iceport on the Inyestiga- 
tioQs into the Puriflcation of the Ohio Riyer Water 
at Louisville, Kentucky, made to the President anc 
Directors of the Louisville Water Ck>mpany. Pub 
lisbed under agreement with the Directors. 4to, 
cloth. 8 full page plates. net 10 00 

OBIFBIi (WM.;, and KILGOUB, mi. H.) A 

Vocketbook of Electrical Engineering Formula. Il- 
lustrated, l&no.moroooo 8 00 

OERBKR (14ICHOLAS). Chemical and Physical 
Analysis of Milk, Condensed Milk and Infantas Milk- 
Food. 8vo, cloth 125 

OESCHWIND (LUCIBN). Manufacture of Alum and 
Sulphates, and other Salts of Alumina and Iron ; 
their uses and applications as mordants in dyeing 
and calico printing, and their other applications in 
the Arts, Manufactures, Sanitary Engineering, Agri- 
culture, and Horticulture. Translated from the 
French by Charles Salter. With tables, figures and 
diagrams. 8vo, cloth, illus. net 6 00 

OIBBS (WTLJJLAM^ B.). lighthigby Acetylene, Gen- 
erators, Burners and Electric Fumeu^es. With 66 
illustrations. Second edition revised. 12mo, cloth. . 1 50 

OILLMOBB (OEN. Q. A.). Treatise on Limes, Hy- 
raulic Cements, and Mortars. Papers on Practical 
Engineering, United States Engineer Department, 
No u, containing Reports of numerous Experiments 
conducted in New York Cityduring the years of 1858 
to 1861, inclusive. With numerous illustrations. Svo 
cloth. 400 

Practical Treatise on the Construction of Roads. 

Streets, and Pavements, with 70 illustrations. 12mo, 
cloth 200 

Report on Strength of Building Stones in the 

United States, etc. 6vo, illustrated cloth 1 00 

OOLDING (HBNRT A.). The Theta-Phi Diagram. 
Practically applied to Steam, Gas, Oil and Air En- 
gines. 12mo, cloth. Illustrated net 1 26 

GOODBYB (T. M.). A Te^Book on the Steam En- 
gine. With a Supplement on Gas-Engines. Twelfth 
Edition, enlarged. 148 illustratiouL 12mo, cloth. . . 2 00 

OOBE (6., F. B. S.)« The Art of Electrolytic Separa- 
tion of Metals, etc. (Theoretical and Practical.) 
Illustrated. Svo, cloth 3 60 
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QOUIiD (E. SHERMAN). The Arithmetic of the 
Steam Engine. 8vo, cloth 1 Od 

GRIFFITHS (A. D., Ph. D.). A Treatise on Manures, 
or the Philosophy of Manuring. A Practical Hand- 
Book for the Agriculturist Manufacturer and 
Student. 12mo, cloth 8 00 

OROVER (FREDERICK). Practical Treatise on 
Modem Qas and Oil Engines. 8vo, cloth. Illustrated 2 00 

GURDEN (RICHARD IXOTD). Traverse Tables: 
computed to 4 places Decimals for every ** of angle 
up to 100 of Distance. For the use of Surveyors and 
Engineers. New Edition. Folio, half morocco. ..7 50 

GUT ARTHUR (F.)- Electric light and Power, 
giving the Result of Practical Experience in Central 
Station Work. 8vo, doth. Illustrated 2 50 

HARDER (HERMAN C. E.). A Handbook on the 
Steam Engine. With especial reference to small 
and medium sized engines. English edition re-edited 
by the author from the second Qerman edition, and 
translated with considerable additions and altera- 
4 tions by H. H. P. Powels. 12mo, cloth. Nearly 1100 
illustrations 8 00 

HAIiL (WM. S. Prof.). Elements of the Differential 
and integral Calculus. Second edition. 8vo, cloth. 
Illustrated net 2 25 

HALSE Y (F. A.). Slide Valve Oears; an Explanation of 
the action and Construction of Plain and Cut-off 
Slide Valves. Illustrated. 12mo, cloth. Sixth 
edition 160 

The Use of the Slide Rule. Illustrated with 

diagrams and folding plates. 16mo, boards SO 

HAMILTON (W. G.). Useful Informition for Rail- 
way Men. Tenth Edition, revised and enlarged. 
502 pages, pocket form. Morocco, gilt 2 00 

HANCOCK (HERBERT). Text Book of Mechan- 
ics and Hydrostatics, with over 500 diagrams. Svo^ 
cloth 175 

HARRISON (W. B.). The Mechanics* Tool Book. 
With Practical Rules and Suggestions for use of 
Machinists, Iron- Workers, ana others. Illustrated 
with 44 eograYiafrA. 12mo. doth list 
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HASKINS (C. H.). The Galvanometer and its Uses. 
A Manual for Electricians and Students. Fourth 
edition. 12mo, cloth 160 

HAWKS rwiIililAM H.)* The Premier Cipher 
Telegraphic Code Containing 100,000 Words and 
Phrases. The most complete and most useful general 
code yet published. 4to, cloth... 500 

— — 100,000 Words; Supplement to the Premier Code. 
All the words are selects from the official vocabu- 
lary. Oblong quarto, cloth 420 

HAWKINS (C. C.) and WAIXI8 (F.). Th*^ Dynamo; 
its Theory, Design and Manufacture. 190 illustra> 
tions, 12mo, cloth 8 00 

HAT (AXFBED). Principles of Alternate-Current 
Working. 12mo, cloth, illustrated 200 

H£AP (Major D. P., U. S. A.). Electrical Appliances 
of the Present Day. Report of the Paris Electrical 
Exposition of 1881. 250 illustrations. Svo, cloth. .... 2 00 

HlfiATISIDX: (Olil YEB). Electromagnetic Theory. 
8vo, c oth, two volumes each 6 00 

HBNBICI (OliAUS). Skeleton Structures. Applied 
to the Building of Steel and Iron Bridges. lUusuuted 1 Sd 

HBBBMANN (6USTAV). The Graphical Statics of . 
Mechanism. A Guide for the Use of Machinists, 
Architec's, and Engineers: and also a Text-book for 
Technical Schools. Translated aud annotated by A. 
P. Smith, M. E. 12mo, cloth, 7 folding plates. Third 
Edition 800 

HERMANN (FBUX). Painting on Glass and Poroe- 
laio and Enamel Painting. On the Basis of Personal 
Practical Experience cf the Condition of the Art up 
to date Translated by Charles Salter. Second 
greatly enlarged edition. 8vo, doth, Illustrations, 
net 360 

HBWSON (WM.). Princ'ples and Practice of Em- 
bankio^ Lands from River Floods, as applied to the 
Levees of the Mississippi. 8vo, cloth 200 

HII.I. (JOHN W.). The Purification of Public Water 
Supplies. Dlustrated with valuable Tables, Dia- 
grams and Cuts. 8vo, clotb, 904 pages 300 

■ The Interpretation of Water Analyses. . (In Press) 
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HOBBS (W. B. P.}. The Arithmetic of Electrical 
Measurements with nmnerous examples. FuUj 
Worked, 12mo, cloth Ji^ 

HOFF (WM. B., Com. U. S. Navy.). The Avoidance 
of Collisions at Sea. 18mo, morocco 75 

HOIXST (AliEXANDEB I«.). Railway Practice. 
American and European RiUlway practice in tiie 
Economical Qeneration of Steam. 77 lithographed 
plates. Folio, cloth IS W 

HOIiM£S (A. BBOIMDLET). The Electric light Pop- 
ularly Explained. Fifth Edition. Clustrated. ISmo, 
paper fiO 

HOPKINS (NETIIi M.). Model Engines and small 
Boats. New Methods of Engine and Boiler Making 
with a chapter on Elementary Ship Design and 
Ck>nstruction. 12mo,cloth 1 S5 

HOSPITAXIEB (B.). Polyphased Alternating Cur- 
rents. Illustrated. 8vo, cloth 140 

HOWABD (C. BO* Earthwork Mensuration on the 
Basis of the Frlsmoidal Formulae. Containing 
Simple and Labor-saving Methods of obtaining Pris- 
moidal Contents directly from End Areas. Illustra- 
ted by Examples and accompained by Plain Rules 
for Practical Uses. Illustrated. 8vo, cloth 1 Si 

HUBIBEB (WIIXIAM, O. E.). A Handy Book for 
the Calculation of Strains in Girders and Similar 
Structures, and their Strengtii : Consisting of 
Formulae and Corresponding Diagrams, with 
numerous details for practical application, etc. 
Fourth Edition. 12mo, cloth 2 50 

HUBST (GBOBGB H.). Colour; A Hand-book of the 
Theory of Colour. Containing ten coloured plates 
and 72 diagrams. Svo, cloth. Illustrated. Price — 2 60 

Lubricating OUs, Fats and Greases. Their Origin , 
Preparation, Properties, Uses and Analysis. 818 
pages, with 65 illustrations. 8vo, cloth 8 CO 

Soaps; A Practical Manual of the Manufacture of 
Domestic, Toilet and other Soaps. Illustrated with 
MEngravings. 8vo, cloth 6 00 
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HUTCHINSON (W. B.). Patents and How to Main 
Honev out of Them. Member of NewTcrkBar. 
12mo,cloth. New York, 1899 1» 

BUTTON (W. 8.). Steam Boiler Constmction. A 
Practical Hand-book for Engineers, Boiler Makers 
and Steam Users. CJontaimng a large collection 
of rules and data relating to recent practice in the 
design, construction, and working of all kinds of 
stationajy, locomotive and marine steam boilers. 
With upwards of 600 illustrations. Third edition. 
Carefully- revised and much enlarged. 8vo, cloth ... 6 00 

— Practica Engineer*s Hand-book, Comprisinar a 
treatise on Modem Engines and Boilers, Marine, 
Locomotive and Stationary. Fourth edition. Care- 
fully revised with additions. With upwards of 670 
illustrations. 8vo, cloth 7 00 

The Works* Manager^s Hand-book of Modem 
Rules, Tables, and Data for Civil and Mechanical 
Engineers. Millwrights and Boiler Makers, etc. , etc. 
With upwards of 160 illustrations. Fifth edition. 
Careful^ revised, with additions. 8vo, cloth 6 00 

INNES (CHABIiBS H.)* Problems in Machine Design. 
For the Use of Students, Draughtsmen and others. 
12mo, cloth 1 50 

■ Centrifugal Pumps, Turbines and Water Motors. 
Including the Theory and Practice of Hydraulics. 
I2mo, cloth net 2 00 

ISHEBWOOD (B. F.). Engineering Precedents for 
Steam Machinery. Arranged in the most practical, 
and useful manner for laigineers. With illuslxa- 
tions. £vo]s.inl. 8vo, doui 2 50 

JAMESON (CHARLES D.). Portland Cement. Its 
Manufacture and Use. 8vo,cloth 1 50 

JAMIESON (ANDREW C. E.). A Text-Book on 
Steam and Steam Engines. Specially arranged for 
the use of Science and Art, Ci^ and Guilds of London 
Institute, and other Engineering Students. Tenth 
edition. Illustrated. 12mo, cloth 8 00 

Elementary Manual on Steam and the Steam 
Engine. Speciallr arranged for the use of First- 
Tear Science and Art, City and Guilds of London 
Institute, and other Elementary Engineering 
Students. Third edition. 12mo, cloth i 80 
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JANNETTAZ (EDWABD). A Guide to the Deter- 
mination of Rocks: being an Introduction to 
LitholoiQr. Translated from the French by G. W. 
Plympton, Professor of Physical Science at Brook- 
lyn Polytechnic Institute. 12mo, cloth 1 60 

JOHNSTON, Prof. J. F. TV., and CAMBBON, Sir 
CHAS. Elements of Agricultural Chemistiy and 
Geology. Seventeenth edition. 12mo, cloth S 60 

JOTNSON (F. H.). The Metals used in Construction. 
Iron, Steel, Bessemer Metal, etc. Illustrated. 19mo, 
cloth 75 

— Designing and Construction of Machine Gearing. 
Illustrated. 8vo, cloth 2 00 

KANSAS CITY BRIDGB (THBO With an Account 
of the Begimen of the Missouri RiTer and a Descrip- 
tion of the Methods used for Foundingin that River. 
By O. Chanute, Chief Engineer, and George Morri- 
son, Assistant Engineer. Illustrated with 5 litho- 
graphic views and 12 plates of plans. 4to, cloth^ . . 6 00 

KAPP (GISBBBT C. B.). Electric Transmission 
of Energy and its Transformation, Subdivision, and 
Distribution. A Practical Hand-book. Fourth 
edition, revised. 12mo, doth 3 SO 

Dynamos, Alternators and Transformers. 1S8 
Illustrations. 12mo, cloth 4 00 

KBSffPB (H. B.). The Electrical Engineer's Pocket- 
Book of Modem Rules, Formulae, Tables and Data. 
Illustrated. 82mo, mor. gUt 1 "HS 

KENNEIiliT (A. B.). Theoretical Elements of Elec- 
tro-Dynamic Machineiy. 8vo,cloth 150 

KIIiGOUB, M. H., SWAN, H., and BIGGS, C. H. 

TT. Electrical Distribution; its Theory and Practice. 
174 Illustrations. 12mo, cloth 4 00 

KING (W. H.). Lessons and Practical Notes on 
Steam. The Steam Engine, Propellers, etc., for 
Toung Marine Engineers, Students, and others. 
Revised by Chief Engineer J. W. King, United States 
Navy. Nineteenth edition, enlarged. 8vo, cloth .... 2 00 

KINGBON (J. A.). Applied Magnetism. An intro- 
duction to the Design 01 Electromagnetic Apparatus. 
8vo. cloth 3 00 



90 D. VAN NOSTRAND COMPANY'S 

KIBKALDY (WM. O.). nhistratloDS Of David Kirk- 
alchr^s SyBtein of MechAnicai Teeting, as Originated 
and Carried on by him during a Quarter of a Century. 
CSomprising a Largre Selection x>f Tabulated Results, 
showing the Sirenifth and other Properties of Mate- 
rials used in Construction, with explanatory Text 
and Hisorical Sketch. Numerous engravings and 
26 lithographed plates. 4to, cloth. 90 00 

KIBKWOOI> (J AS. P.). Report on the FQtration of 
River Waters for the supplv of Cities, as practised in 
Europe, made to the Board of Water Commissioners 
of the City of St. Louis. Illustrated by 80 double- 
plate engravings. 4to, cloth 7 60 

KNIGHT (AUSTIN M., Lteutenant-Commander^ 
U. S. N). Modern Seamanship. Illustrated with 136 
full -page plates and diagrams. 8vo, cloth. Second 

edition, revised net 6 00 

Half morocco 7 60 

I«ABRABEE (O. S.). Cipher and Secret Letter and 
Telegraphic Code, with Hog's Improvements. The 
most perfect Secret Code ever invented or discov- 
ered. Impossible to read without the key. 18mo, 
ctoth 60 

liEASK (A. BITCHIB). Breakdowns at Sea and 
How to Repair Them. With eighty-nine Illustra- 
tions. 8vo, cloth. Second edition 2 00 

" Triple and Quadruple Expansion Engines and 
Boilers and their Management. With flfty-nine 
illustrations. Third edition, revised. 12mo, cloth. . 2 00 

-— ^ — Refrigerating Machinery : Its Principles and 
Management, with sixty-four illustrations. 12mo, 
cloth 200 

I^CKY (8. T. S.). " Wrinkles " in Practical Naviga- 
tion. With 190 illustrations. 8vo, cloth. Ninth 
edition, revised net 8 00 

IiETT (C. L.). Electric Light Primer. A Simple and 
Comprehensive Digest of all of the most important 
facts connected with the running of the dynamo, and 
electric lights, with precautions for safety. For the 
use of persons whose duty it is to look after the 
plant. 8vo, paper 60 
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UTACHE (ACH.» Ingenleiir Civil Des Blines). 

The Manufacture of varnishes, Oil Crushing, Refin- 
ing and Boiling and Kindred Industries. Translated 
from the French and greatly extended, by John 
Geddes Mcintosh. 8vo, cloth. Illustrated net 5 00 

liOCKB (AI«FRBD O., and CHARLES G.) A Prac- 
tical Treatise on the Manufacture of Sulphuric Acid. 
With 77 Oonstructiye Plates drawn to 8cale Meas- 
urements, and other Illustrations. Royal 8to, cloth.lO OD 

IXMJKERT (liOUIS). Petroleum Motor-Oars. 13mo, 
doth lOQ 

]X>CKWOOD (THOS. D.)> Electricity, Magnetism, 
and Electro-Telegraphy. A Practical Guide for 
Students, Operators, and Inspectors. 8vo, cloth. 
Thirdedition 2 6a 

1 Electrical Measurement and the Galvanometer ; 
its Construction and Uses. Second edition. 82 illus- 
trations. 18mo,cloth 1 £0 

liODGE (OLITEB J.). Elementary Mechanics, 
including Hydrostatics and Pneumatics. Revised 
edition. 12mo.cloth 1 SOc 

liOBING (A. E.). A Hand book of the Electro-Mag- 
netic Telegraph. Fourth edition, revised 

IfUCE (Com. S. B.). Text-Book of Seamanship. The 
Equipping and Handling of Vessels under Sail or 
Steam. For the use of theU. S. Naval Academy. 
Revised and enlarged edition, by Lt. Wm. S. Benson. 
8vo,cloth. 1000 

liUNGE (GEO.)* A Theoretical and Practical Treatise 
on the Manufacture of Sulphuric Acid and Alkali 
with the Collateral Branches. Vol. I. Sulphuric 
Add, Second edition, revised and enlarged. 842 

fllustrations. 8vo,doth 15 OO 

Vol. IL Second edition, revised and enlarged. 

8vo, cloth 16 80 

Vol nL 8vo, cloth. New edition, 1896. 15 Oft 

liUNGE. (GEO.)> and HURTEB, F. The Alkali 
Maker's Pocket-Book. Tables and Analytical Meth- 
ods for Manufacturers of Sulphuric Acid, Nitric 
Acid, Soda, Potash and Ammoxiia. Second edition. 
12mo, cloth . . 8 Ji^ 



92 D. VAN NOSTRAMD COMPANY'S 

LUQVEB OUEA McrLTAINS, Pb. D.)- Minerals 
in Rock Sections. The Practical Method of Identi- 
fying Minerals in Bo<dc Sections with the micro- 
scope, BspeciallY arranged for Students in Technical 
and Scientific Schools. 8vo. cloth. Illustrated.. net 1 SO 

HACKBOW (CIJBMBNT). The Naval Architect's 
and Shii>-Builder*8 Pocket-Book of FormulaB, Rules 
and Tables; and Engineers^ and Surrey ors* Handy- 
Book of Reference. Eighth edition, rerised and en- 
larged. 16mo, limp leather. Illustrated 6 OC 

MAGUIRX: (Capt. EDWARD. U. S. A.). The 
Attack and Deience of Coast Fortifications. With 
Maps and Numerous Illustrations. 8vo, cWth 2 60 

MAOUIBE (WBI. B.). Domestic Sanitary Drainage 
and Plumbing Lectures on Practical Sanitation. Sl3 
illustrations. 8vo 4 00 

MABKS (EDWABD €. B.)* Mechanical Engineering ^ 
Materials: their Properties and Treatment in Con- 
struction. 12mo,cloth. Illustrated 60 



Notes on the Ck>nstruction of Cranes and Lifting 



Machinery. 12mo, cloth 150 

MARKS (O. C.)« Hydraulic Power Engineering: a 
Practical Manual on the Concentration and Tnuis- 
mission of Power by Hydraulic Machinery. With 
over 200 diagrams, figures, and tables. 8vo, cloth. 
Illustrated 8 60 

mAYRB (WM.)* American Telegraphy: Systems, 
Apparatus, Operation. 460 illustrations. 8to, clofli. 8 60 

MATEB (Prof. A. M.). Lecture Notes on Physics. 
8vo, cloth 2 00 

MeOUIiliOCH (Prof. B. S.). Elementary Treatise 
on the Mechanical Theory of Heat, and its applica- 
tion to Air and Steam Engines. 8yo, cloth 8 60 

McNRILIi (BEDFOBD). McNeill's Code. Arranged 
to meet the requirements of Mining, Metallurgical 
and Civil Engineers, Directors of Mining, 8melt- 
''ing and other Companies, Bankers, StocR and Share 
Brokers, Solicitors, Accountants, Financiers, and 
General Merchants. Safety and Secrecy. 8vo, cloth. 6 00 
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McPHBRSON (J. A., A. M. hut. C, E.), Water- 
works Distributioii: a practical guide to the laying 
out of systems of distnbutiDg mains for tlie supply 
of water to cities and towns. With tables, folding 
plates and numerous full-page diagnuns. 8to^ 
doth. Illustrated •..•••• S 50 

METAli TUBNIXG. Qy a Foreman Pattern Maker. 
Illustrated with 81 engraviogs. 12mo, cloth 1 SO 

MINIFIE (WM.). Mechanical Drawing. A Text- 
bo Ic f Geometrical Draw ng for the use of Mechanics 
and Schools, in which ihe Definitions and Rules of 
Qeotu^tIy ^re famiiiarlv explained; the Practical 
Problems are arranged from the most simple to the 
more complex, and in their description technicalities 
are avoided as mu* h as possible. With illustrations 
for Drawing Plans. Sections, and Elevations of Bail- 
ways and MiMdiinery; an Introduction to Isometric il 
Drawing, a^ dan Essay on Linear Perspective and 
Shadows Illustrated witM over 200 diagrams 
engraved on steel. Ninth tbousand. With an appen- 
dix on the Theory and Application of Ck>lors. ovo, 
cloth 4 00 

Geometrical Drawing. Abridged from the Octavo 

edition, for the use of schools. Illustrated with 48 
steel plates. Ninth edition. 12mo, doth 2 00 

MODEBN MBTlSOBOIiOOT. A Series of Six 
Lectu' es, delivered under the auspices of the Meteor- 
ological Sodety in 1870. Blustrated. 12mo, cloth . 1 50 

MOBBING (C. A.), and NBAX (THOBIAS). Tele- 
graphic Mining Coie Alphabetically arranged. 
Second edition. 8vo,doth 8 40 

MOBBIS (B.). Easy Bules for the Measurement of 
Earthworks by means of the Prismoidal Formula. 
8vo, cloth. Illustrated 150 

MOSES (AXFBBI) J.), and PABSONS, C. T.. Ele- 
ments of Mineralogy, Crystallography and Blowpipe 
Analysis from a practical standpoint. Fourth 
thousand. 8vo, doth. 866 illustrations net 2 LO 

MOSES (AIiFBED J.). The Characters of Crystals. 
An Introduction to Physical Crsrstallography, con- 
taining 821 Illustrations and Diagrams. 8vo, 211 
pp. net 2 00 
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MOORB (B. C. S.)« New Tables for the Complete 
Solution of Qan^iUet and Kutter's Formula for the 
flow of liquids in open .channels, pipes, sewers and 
conduits. In two parts. Part I, arranged for 1,060 
inclinations from 1 oyer 1 to 1 over 21,120 for fifteen 
different values of (n). Part II, for use with all other 
values of (n). With large folding diagram. 8vo, 
doth. Illustrated net 6 00 

MUIXIir (JOSBPH P., M. £.)• Modem Moulding 
and Pattern-Making. A Practical Treatise upon 
Pattern- Shop and Foundry Work; em^racing the 
Moulding of Pulleys, Spur Qears, Worm Gears, Bal- 
ance- Wheels, Stationary Engme and Locomotive 
Cylinders, Globe Valves, Tool Work, Mining Machin- 
ery, Screw Propellers. Pattem4nK>p Machinery, and 
the latest improvements in English and American 
Cupolas; together with a large collection of original 
and carefully selected Rules and Tables for every- 
day use in the Drawing Office, Pattern-Shop and 
Foundry. 12mo, cloth. Illustrated 2 60 

MUNBO (JOHN C. B.)» and JAMIBSON 

ANDREW. C. B. A Pocket-book of Electrical 

Rules and Tables for the use of Electricians and 

m. Engineers. Thirteenth edition, revised and enlarged. 

With numerous diagrams. Pocket size. Leather. . 2 60 

MUBPHT (J. G., M. B.). Practical Minhig. A 
Field Manual for MiningEngineers. With Hinta for 
Investors in Mining Properties. 16mo, morocco 
tucks 100 

NAQUBT (A.)* Legal Chemistry. A Guide to the 
Detection of Poisons, Falsification of Writings, 
Adulteration of Alimentary and Pharmaceutical 
Substances, Analysis of Ashes, and examination of 
Hair, Coins, Arms, and Stains, as applied to Chemi- 
cal Jurisprudence. Translated from the French, 
by J. P. Battershall, Ph D., with a preface by C. F. 
Chandler, Ph. D., M. D., LL. D. 12mo, cloth 2 00 

NASMITH (JOSBPH). The Student's Cotton Spin- 
ning. Third edition, revised and enlarged. 8vo, 
doth. 622 pages. 250 Illustrations 8 00 

NBWAIili (JOHN W.). Plain Practical Directions 
for Drawing, Sizing and Cutting Bevel-Qears, show- 
ing how the Teeth may be cut in a Plain Milling 
Machine or Gear Cutte^ so as to give them a correct 
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■hape from end to end; and showing how to get out 
all particulars for the Workshop without maUiu^ 
any Drawings. Including a FuU Set of Tables of 
Reference. Folding plates. 8vo, cloth 1 60 

NBUBURGfiB (HBNBY} and HBNBI NOAI«. 
HAT. Technology of Petroleum. The Oil Fields 
of the World; their History, Geography and Qeology. 
With 153 illustrations and 35 plates. Translated 
from the French by John Geddes Mcintosh. 8vo, 
cloth net 10 00 

XISWUIlNDS (JAMES). The Carpenters* and Join- 
ers' Assistant: being a Comprehensive Treatise on 
the Selection, Preparation and Strength of Mate- 
rials, and the Mechanical Principles of Framing, 
niustrated. Folio, half morocco 15 00 

NIPHEB (FBANCIS £., A. M.). Theorv of Mag- 
netic Measurements, with an appendix on the 
Method of Least Squares. 12mo,cloth 100 

HOAI> (HBNBT M.). The Students* Text-Book of 
Electricity. A new edition, carefully revised. With 
an Introduction and additional chapters by W. H. 
Freece. With 471 illustrations. 12mo, cloth 4 00 

NUGENT (E.). Treatise on Optics; or. Light and Sight 
theoreticaliv and practically treated, with the ampli- 
cation to Fine Art and Industrial Pursuits. With 
iOS illustrations. 12mo,cloth. 160 

O'CONNOB (HENBT). The Gas Engineer's Pocket- 
Book. Comprising Tables, Notes and Memoranda; 
relating to the Manufacture, Distribution and Use 
of Coal Gas and the Construction of Gas Works. 
12mo, full leather, gilt edges 8 60 

OUDIN (M. AuX Standard Polyphase Apparatus and . 
Systems, with many photo-reproductions, dia- < 
grams, and tables. Third edition, reviaad. 8vo, 
cloth. Illustrated 8 00 

PAGE (DAVID). The Earth's Crust, A Handy Out- 
line of Geology. 16mo, cloth 76 

PAIiAZ (A., ScD.). A Treatise on Industrial Pho- 
tometry, with special application to Electric light- 
, ing. Authorized translation from the French, hy 
Qeorge W. Patterson, Jr. Second edition, reviaea. 
8To,cloth. Illustrated 4 00 
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PARSHAIiI^ (H. F.) and H. Bf. HOBABT. 

Armature Windings of Electric Machines. With 140 
full-paf^e plates, 66 tables, and 166 pages of descrip- 
tive letter-press. 4to, cloth 7 66 

PKIRCE (B.). System of Analytic Mechanics. 4to, 
cloth 10 00 

PfiRBINE (F. A. O., A.M., D.Sc). Conductors 
for Electrical Distribution; their Manufacture and 
Materials, the Calculation of Circuits, Pole-Line 
Construction, Underground Working and other Uses. 

8vo, cloth, niustrated net 3 60 

Postage 25 

PEBBT < ( JOHN). Applied Meehaiiics. A Treatise 
for the use of students who have time to work 
experimental, numerical and graphical exercises 
illustrating the subject. 8vo, doth. 660 pages., net 3 60 

FHII^IilPS (JOSHUA). Engineering Chemistry. A 
Practical Treatise for the use of Analytical (dem- 
ists. Engineers, Iron Masters, Iron Founders, 
students and others. Comprising metiiods of Analv- 
sis and Valuation of the prindpal materials used In 
Engineering works, with numerous Analyses, Exam- 
ples and Suggestions. 814 illustrations. Second 
edition, revised and enlarged. 8vo, cloth 4 60 

nCKWOBTH (CHAS. N.> The Indicator Hand- 
book. A Practical Manual for Engineers. Part I. 
The Indicator: Its Construction and Application. 8X 
illustrations. 12mo, cloth 160 

•»>— The Slide Rule. A Practical Maaoalof Instruc- 
tion for all Users of the Modem IVpe of Slide Rule, 
exhibiting the Application of the Listrument to the 
Everyday Work of the Engineer,— Civil, Mechanical 
and ElectricaL 12mo, flexible doth. Fifth edition, 80 

PI«ANB TABIiB (THB). Its Uses in Topographical 
Surveying. From the Papers of the United States 
CoastSurvey. Illustrated. 8vo, doth 8 00 

PliANTB (OASTON). The Storage of Electrical 
Energy, and Researches in the Effects created by 
Currents, combining Quantity with High Tension. 
Translated from the French by Paul B. Elwell. 80 
illustrations. 8vo 4 00 

PliATTNBB. Manual of Qualitative and Quantitative 
Analysis with the Blow-Pipe. Eiffhtb edition, re- 
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vised. Translated by Henry B. Cornwall, E.M., Ph.D., 
assisted by John H. Caswell, A.M. From the sixth 
German edition, by Prof. Friedilch Kolbeck.. lUus- ' 
trated with 87 woodcuts. 468 pages. Sto, cloth.. net 4 (X^ 

PIiYBIPTON (Prof. OKO. W.). The Aneroid Ba- 
rometer: its Construction and tlse. Compiled from 
several sources. Fourth edition. 16mo, boards. 
Illustrated 60 

1K>GKI:t IiOOABITHMS, to Four Places of Deci- 
mals, including Logarithms of Numbers, and Lora^ 
rithmic Sines and Tangents to Single Minutes. To 
which is added a Table of Natural Sines, Tangents, 
and Co-Tangents. 16mo, boards 80^ 

POPE fF. li.^. Modem Practice of the Electric Tele- 
graph. JP Technical Hand-book for Electricians, 
Managers and Operators. Fifteenth edition, rewrit- 
ten and enlarged, and fully illustrated. 8vo, cloth. 1 80 

POPPI<s:WEIX (W. O* Elementaiy Treatise on 
Heat and Heat Engines. Specially adapted for 
migineers and students of engineering. 12mo, doth. 
Illustrated 8 OO 

POWI.es (H. H.). Steam BoUers. (In Press.) 

PRAY (Jr., THOMAS). Twenty Tears with the 
Indicator; being a Practical Tezt-Book for the 
Engineer or the Student, with no complex Formulae. 
Illustrated. 8to, cloth 2 50 

— ^^ Steam Tables and Engine Constant. Compiled 
from Regnault, Rankineand Dixon directly, miudng 
use of the exact records. 8vo, cloth 2 00 

PBACTICAX IBON FOUNDING. By the Author 
of *' Pattern Making,*' 4&c., &c. Illustrated with 
over one hundred engravings. 12mo, cloth 1 60 

PBJSECE (W. H.)> Electric Lamps dn Press.) 

PBEECE (W. H.), and STUBBS, A. T. Manual 
of Telephony. Illustrations and plates. 12mo, cloth. 4 SO 

PBEMIEB CODE. (See Hawk, Wm. H.) 

PBESCOTT (Prof. A. B.). Organic Analysis. A 

Manual of the Descriptive and Analytical Chemistry 

of certain Carbon Compounds in Common Use; a 

^ Quide in the Qualitative and Quantitative Analyisis 

of Organic Materials in Commercial and Phaima- 
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oeutioal Assays, in the estimation of Impurities 
under Authorised Standards, and in Forensic Ezam- 
% inations for Poisons, with Directions for Elementaiy 
Organic AnaljrsiB. Fifth edition. 6vo, cioih 5 00 

PBESCOTT (Prof. A. B.). Outlines of Proximate 
Orsranic Analysis, for the Identification, Separation, 
and Quantitatiye Determination of the more com- 
monly occurring Organic Compounds. Fourth edi- 
tion. ISmo, cloth 176 



First Book in Qualltatiye Chemistry. Eighth 



edition. 12mo, cloth . 160 

and Otis Coe Johnson. Qualitatiye Chemical 
Analysis. A Guide in the Practical Study of Chem- 
istry and in the work of Analysis. Fifth f Aly re- 
▼ised edition. With Descriptive Chemistry extended 
throughout net 8 60 

PBITCH ABD (O. G.). The Manufacture of Electric 
Light Carbons. Illustrated. 8vo, paper 00 

PUIiliEN (W. W. F.). Application of Graphic Meth- 
ods to the Design of Structures. Specially prepared 
for the use of Engineers. 18mo, cloth. Illustrated. 

net 2 BO 

PUI<SIFEB (W. H.). Notes for a History of Lead. 
8vo, cloth, gUt tops 4 00 

PYNCHON (Prof. T. B.). Introduction to Chemical 
Physics, designed for the use of Academies, Col- 
leges, and High Schools. Dlustrated with numerous 
engravings, and containing copious experiments 
with directions for preparing them. New edition, 
revised and enlarged, and illustrated by 860 illustra- 
tionsonwood. 8vo, cloth 8 00 

BADFOBD (Lient. CYBUS S.). Hand-book on 
Naval Gunnery. Prepared by Authority of the Nave 
Department. For the use of U. S. Navy, U. S. 
Marine Corps and U. S. Naval Reserves. Revised 
and enlarged, with the assistance of Stokely Morgan, 
Lieut. U. S. N. Third edition. 12mo, flexible leather. 2 00 

BAFTEB (GEO. W.V, and M. N. BAKEB. Sew- 
age Disposal in the United States. Illustrations and 
folding plates. Second edition. 8vo, cloth 6 00 

BAM (GIIiBEBT S.). The Incandescent Lamp and 
its Manufeuiture. Svo.cloth 8 00 



SCIENTIFIC PUBUCATIONS. 



RANI>AIX (J. E.)* A Practical Treatise on the 
Incandesoent Lamp. IllUBtrated. 16mo, doth 60 

BANDAIili (P. M.). Quartz Operator's Hand-book. 
New edition, revised and enlarged, fully illustrated. 
12mo. cloth 2t» 

BANKING (W. J. M ACQUOBN.) Applied Mechan- 
ics. Comprising the Ftinciples of Statics and Cine- 
matics, and Theory of Structures, Mechanism, and 
Machines. With numerous diagrams. Fifteenth 
edition. Thoroughly revised by W. J. Millar. 8vo, 
cloth ^. ... 6 00 

Civil Engineering. Comprising Engineering Sur- 
veys, Earthwork, Foundations, Masonry, Carpentry, 
Metal Work, Roads, Bailw^s, Canals, Rivers, 
Water Works, Harbors, etc. With numerous tables 
and illustrations. Twentieth edition. Thoroughly 
revised by W. J. Millar. 8vo, doth. 6 60 

—— Machinery and Millwork. Comjprising the Geom- 
etry, Motions, Work, Strength, Construction, and 
Objects of Machines, etc. Illustrated with nearly 
800 wood cuts. Seventh edition. Thoroughly revised 
by W. J. Millar. 8vo, doth 6 00 

The Steam Engine and other Prime Movers. 

With diagram of the Mechanical Properties of 
Steam-folding plates, numerous tables and illustra- 
tions. Thirteenth edition. Thoroughly revised by 
W.J.Millar. 8vo, cloth 5 00 

Useful Rules and Tables for Engineers and 

Others. With appendix, tables, tests, and f ormulse 
for the use of jSlectrical Engineers. Comprising 
Submarine Electrical Engineering, Electric Lighting, 
and Transmission of Power. By Andrew Jamieson, 
C. E., F. R S. E. Seventh edition. Thoroughly 
revised by W. J. Millar. Crown 8vo, cloth 4 00 

A. Mechanical Text-Book. By Prof. Macquom 

Rankine and E F. Bamber, C. E. With numerous 
illustrations. Fourth edition. 8vo, doth 3 50 

BAPH AlCIi (F. €.)• ^Localisation of Faults in Electric 
LightMains. 8vo,cloth 2 00 

BBCKBNZAUN (A.). Electric Traction on Railways 
and Tramways. 218 illustrations. 12mo. cloth. ...4 00 
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B££D*S ENGINSEBS' HAND-BOOK to the 

Local Marine Board Examinations for Certificates 
of Competency as First and Second Class Engineers. 
By W. H. Thorn. With the answers to the Elemen- 
tary Questions. Dlustrated by 297 diagrams and 36 
large plates. Seventeenth edition, revised and en* 
larged. 8vo, cloth 5 00 

Key to the Seventeenth Edition of Reed's 
Engineer's Hand-book to the Board of Trade Ezami- 
nations for First and Second Class Engineers and 
containing the working of all the questions given in 
the examination papers. By W. H Thorn. 8vo, 
cloth 300 



Useful Hints to Sea-going Engineers, and How to 



Repair and Avoid ** Break Downs; '' also Appendices 
Containing Boiler Explosions, Useful FormulsB, 
etc. With 36 diagrams and 4 plates. Second edition, 
revised and enlarged. 13mo, cloth 1 60 



Marine Boilers: A Treatise on the Causes and 



Prevention of their Priming, with Remarks on their 
General Management. Illustrated. 12mo, cloth... 2 00 

aEINHABDT (CHAS. W.). Lettering for Drafts- 
men, Engineers and Students. A Practical System 
of Free-hand Lettering for Working Drawings. 
Thoroughly revised and largely rewritten. Thir- 
teenth thousand. Oblong, boards 1 00 

BIC£ (J. M.)., and JOHNSON, W. W. On a 

New Method of obtaining the Differential of Func- 
tions, with especial reference to the Newtonian 
Conception of Rates or Velocities. ISmo^ paper. ... 50 

RINGWAXT (J. li.). Development of Transporta- 
tion Systems in the United States, Comprising a 
Comprehensive Description of the leading features 
of advancement from the colonial era to the present 
time. With illustrations. Quarto, half morocco.. 7 60 

BIPPEB (WTTiTiTAM). A Course of Instruction in 
Machine Drawing and Design for Technical Schools 
and Engineer Students. With 52 plates and numer- 
ous explanatory engravings. Folio, cloth 6 00 

BOBBIiING (J. A.). Long and Short Span RaUway 
Bridges. Illustrated with large copperplate 
"^ engravings of plans and views. Impenal folio, 
cloth 25 00 
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BOGKBS (Prof; H. D.)« The] Geology of Peniuyl- 
yania. A Goyemment Survey, with a General View 
of the Geology of the United States, essays on the 
Coal Formation and its Fossils, and a description of 
the Coal Fields of North America and Great 
Britain. Illustrated with plates and engravings in 
the text. 8 vols., 4to, cloth, with portfoho of maps. 15 00 

BOSB (JOSHUA^ M. B.)* The PattemMakers* 
Assistant. Embracing Lathe Work, Branch Work, 
Core Work, Sweep Work, and Practical Gear Con- 
structions, the Preparation and Use of Tools, 
together with a large collection of useful and valu- 
able Tables. Tenth edition. Illustrated with 250 
engravings. 8vo, cloth 2 60 

"— Key to Engines and Engine-running. A Practical 
Treatise upon the Management of Steam Enf^es 
and Boilers for the Use of Those who Desire to Pass 
an Examination to Taice Charge of an Engine or 
Boiler. With numerous illustrations, and Instruc- 
tions Upon Engineers^ Calculations, Indicators, 
Diagrams, Engine Adjustments, and other Valuable 
Information necessary for Engineers and Firemen. 
12mo, cloth 260 

8ABINB (BOBBBT). History and Progress of the 
Electric Telegraph. With descriptions of some of 
the apparatus. Second edition, with additions. 
12mo, cloth 125 

SABIiTZEB (ALEX.). Treatise on Acoustics in con- 
nection with Ventilation. 12mo, cloth 1 00 

SAIiOMONS (Sir DAVID, M. A.). Electric Light 
Installations. A Practical Hand-book. Eighth 
edition, revised and enlarged, with numerous illus- 
trations. Vol. I. The management of Accumula- 
tors. 12mo, cloth 160 

Vol. n.. Apparatus, 206 illustrations. 12mo, cloth. 2 26 
VoL in.. Applications. 12mo, cloth 1 60 

8ANFOBD (P. GBBAIJ)). NitroExplosfves. A 
Practical Treatise concerning the Properties, Manu- 
facture and Analysis of Nitrated Substances, hiclud- 
^ ing the Fulminates, Smokeless Powders and Cellu- 
loid. 8vo, cloth, 270 pages 8 00 

SAUNNIBB (CLAUDIUS). Watchmaker's Hand- 
book. A Workshop Companion- for those engaged 
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in T^Ta-tAhm^lriiig tund ttSlifA MAAhfttif/*^! Art-a Trans- 

lated by J. Tripplin and £. BJigg. Second edition, 
revised with appendix. i2mo, cloth 8 50 

SOHBIXBX (Dr. H.). Magneto-Electric and Dynamo- 
Electric Machines; their Constmction and Practical 
Application to Electric Lighting, and the Transmis- 
sion of Power. Translated from the third German 
edition, by N. S. Keith and Percy Neymann« Ph. D. 
With very large additions and notes relating to 
American Machines, by N. S. Keith. Vol. I., with 353 
illustrations. Second edition 6 00 

SCHUMANN (F.). A Manual of Heating and Venti- 
lation in its Practical Application, for the use of 
Engineers and Architects. Embracing a series of 
Tables and Formulae for dimensions of heating, flow 
and return pipes for steam and hot- water boilers, 
flues, etc. l^o, illustrated, full roan 1 50 

SCRIBNEB (J. M.). Enghieers' and Mechanics' 
Companion. ComprisiDg United States Weights and 
Measures. Mensuration of Superflces and Solids, 
Tables of Squares and Cubes. Square and Cube Roots, 
Circumference and Areas ol! Circles, the Mechanical 
Powers. Centres of Gravity, Gravitation of Bodies, 
Pendulums, Speciflc Gravity of Bodies, Strength, 
Weight, and Crush of Materials, Water-Wheels, 
Hydrostatics, Hydraulics, Statics, Centres of Per- 
cussion and Gyration, Friction Heat. Tables of Uie 
Weight of Metals, Scantling, etc.. Steam and the 
Steam Engine. Twentieth edition revised. 16mo, 
full morocco....! 1 50 

8BATON (A. C). A Manual of Marine Engineering. 
Comprising the Designing, Construction and Work- 
ing of Marine Machinery. With numerous tables 
and illustrations reduced from Working Drawings. 
Fourteenth edition. Revised throughout, with an 
additional chapter on Water Tube Boilers. 8vo., 
cloth ..600 

and BOVNTHWAITE ( H. M.). A Pocket- 
book of Marine Engineering Rules and Tables. For 
the use of Marine Engineers and Naval Architects. 
Designers, Draughtsmen, Superintendents, and all 
engaged in the design and construction of Marine 
Machmery, Naval and Mercantile. Fifth edition, 
revised and enlarged. Pocket size. Leather, with 
diagrams. 12mo. morocco Illustrated 3 00 
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SKXTON (A. HUMBOIiDT). Fuel and Befraotoiy 
Materials. 8yo, cloth 8 00 

SHIEIiDS (J. £.)• Notes on Engineering Ck>nstrao- 
tion. Embracing Discussions of the Principles 
involved, and Descriptions of the Material employed 
in Tunnelling, Bridging, Canal and Road Building, 
etc. 12mo, cloth 1 50 

SHOCK (WM. H.)* Steam Boilers: Their Design, 
Construction and Management. 4to, half morocco. 15 00 

SHBEVB (S. H.)« A Treatise on the Strength of 
Bridges and Boof s. Comprising the determination 
of Algebraic formulas for strains in Horizontal, 
Inclined or Rafter, Triangular, Bowstring, Lenticu- 
lar, and other Trusses, from fixed and moving loads, 
with practical applications and examples, for the 
use of Students and Engineers. 87 woodcut illus. 
Fourth edition. 8vo, cloth 8 50 

SHUNK (W. F.)- The Field Engineer. A Handy 
Book of practice in the Survey, Location, and Truck- 
work of Railroads, containing a large collection of 
Rules and Tables, original and selected, applicable 
to both the Standard and Narrow Gauge, and pre- 
pared with special reference to the wants of the 
young Engineer. Fourteenth edition, revised and 
enlarged. 12mo, morocco, tucks 8 50 

SIBUMS (F. W.)* A Treatise on the Principles and 
Practice of Levelling. Showing its application to 
purposes of Railway Engineering, and the Con- 
struction of Roads, etc. Revised and corrected, 
with the addition of Mr. Laws^ Practical Examples 
for setting out Railway Curves. Illustrated. 8vo, 
cloth.... 8 50 

* HUMS (W. F.). Practical Tunnelling. Fourth edition, 
revised and greatly extended. With additional 
chapters illustrating recent practice by D. Kinnear 
Clark. With 36 plates and other iUostrations. Im- 
perial 8vo, cloth 12 00 

SLATER (J. W.). Sewage Treatment, Purification, 
and Utilization. A Preuztical Manual for the Use of 
Corporations, Local Boards, Medical Officers of 
Health, Inspectors of Nuisances, Chemists, Manu- 
facturers, Riparian Owners, Engineers, and Rate- 
payers. 12mo,cloth 8 81 
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SMITH (ISAAC W., C. E!.)* The Theory of Deflec- 
tions and of Latitudes and Departures. With special 
applications to Curvilinear Surveys, for Alignments 
of Railway Tracks. Illustrated. 16mo, morocco, 
tucks 3 00 

SNEIX (AliBION T.). Electric Motive Power: The 
Transmission and Distribution of Electric Power by 
Continuous and Alternate Currents. With a Section 
on the Applications of Electricity to Mining Work. 
Second edition. 8vo, cloth, illustrated 4 OO 

SPEYBBS (CliARENCB T,.). Text-Book of Physi- 
cal Chemistry. 8vo, cloth 2 25 

8TAHI< (A. W.), and A. T. WOODS. Elementary 

Mechanism. A Text-Book for Students of Mechanical ' 

Engineering. Eleventh edition, enlarged, li^imo, 
cloth 2 00 

STAliET (CAI>Y), and PIBBSON, GEO. S. The 

Separate System of Sewerage: its Theory and Con- 
struction. Third edition, revised. 8vo, cloth. With 
maps, plates and iUustrations 3 00 

STBTENSON (DAVID, F.B.S.N.). The Principles 
and Practice of Canal and River Engineering. Re- 
vised by his sons David Alan Stevenson, B. Sc, F. R. 
S.E., and Charles Alexander Stevenson, B. Sc, F.R. 
S.E., Civil Engineer. Third edition, with 17 plates, 
8vo, cloth 10 00 

The Design and Construction of Harbors, A 

Treatise on Maritime Engineering. Third edition 
with24 plates, 8vo, cloth 10 00 

STEWABT (B. W.). A Text Book of Light, Adapted 
to the Requirements of the Intermediate Science 
and Preliminary Scientific Examinations of the Uni- 
versity of London, and also for General Use, 
Numerous Diagrams and Examples. 12mo, cloth.. 100 

8TEWABT (B. W.). A Text Book of Heat, Dlus- 
trated) 8vo, cloth 1 00 

A Text Book of Magnetism and Electricity, 160 

nius. and Numerous Examples. 12mo, cloth 1 00 

STIIJSS (AMOS). Tables for Field Engineers. De- 
signed for use in the field. Tables containing all 
the functions of a one degree curve, from which a 
oorresponding one can be found for any required 
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degree. Also, Tables of Natural Sines and Tangents. 
12mo, morocco, tucks 2 OO 

STUXBIAN (PAUIO. Steam Engine Indicator and 
the Improved Idanometer Steam and Vacuum 
Gauges; their Utility and Application. New edition. 
12mo, flexible cloth 100 

STONS (General ROT). New Roads and Road Laws 
in the United States. 200 pages, with numerous 
iUustrations. 12mo. cloth 100 

STUART (C. B., U. S. N.)* Lives and Works of Civil 
and Militaiy Engineers of America. With 10 steel- 
plate engravings. 8vo, cloth 5 00 

. The Naval Dry Docks of the United States. Illus- 
trated with 24 fine Engravings on Steel. Fourth 
edition. 4to, cloth 6 00 

SWINTON (ALAN A. CAMPBBLL). The Elemen- 
tary Principle of Electric Lighting. Illustrated. 
12mo,cloth 60 

TEMPLETON (WM.)- The Practical Mechanic's 
Work-shop Companion. Comprising a great variety 
of the most useful rules and formulsB in Mechanical 
Science, with numerous tables of practical data and 
calculated results facilitating mechanical opera- 
tions. Revised and enlarged by W. S. Hutton. 
12mo, morocco 3 00 

THOM (CHAS.)* and WILLIS H. JONES. Tele- 
graphic Connections: embracing Recent Methods in 
Quadruplez Telegraphy. Oblong, 8vo, cloth. 20 full 
page plates, some colored 1 SO 

THOMPSON (EDWARD P., M. £.)• How to 
Make Inventions; or. Inventing as a Science and an 
Art. A Practical Guide for Inventors. Second 
edition. 8vo, boards 1 00 

Roentgen Rays and Phenomena of the Anode and 

Cathode Principles, Applications and Theories. 
For Students, Teachers, PhysiciaDS, Photographers, 
Electricians and others. Assisted by Louis M. 
Pignolet, N. D. C. Hodges, and Ludwig Gutmann, E* 
E. With a Chapter on Generalizations, Arguments, 
Theories, Elnc^d Radiations and Phenomena. By 
Professor Wm. Anthony. 8vo, cloth. 50 Diagrams, 
40 Halftones 150 
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TODD (JOHN), aad W. B. WHAIX. Practical 
Seamanship for Use in the Merchant Service : Indud- 
ing all orduuuy subjects; idso Steam Seamanship, 
Wreck Lifting, AvoiaiDe Oollision, Wire Splicing, Dis- 
placement, and everything necessary to be known 
by seamen of the present oay. Second edition, with 
247 illustrations and diagrams. 8vo, cloth 8 00 

TOOTHED OEABINO. A Practical Hand-book for 
Offices and Workshops. B^ a Foreman Pattern- 
maker. 184 lUustrationi. llbno. cloth 2 8S 

TBATMAN (E. E. BUSSEIX). Rallwav Track and 
Track Work. With over two hundred illustrations. 
8vo, cloth ^00 

TBETEBT (EDWABD). How to Build Dynamo 
Electric Machinery, embracing Theory Designintc 
and Construction of Dynamos and Motors, with 
appendices on Field Magnet and Armature Winding. 
Sumagement of Dynamos and Motors, and Useful 
Tables of Wire Gauges. Illustrated. 8vo, doth ... 2 50 

Electricity and its Becent Applications. A Prac- 
tical Treatise for Students and Amateurs, with an 
Illustrated Dictionary of Electrical Terms and 
Phrases. Illustrated. 12mo, cloth 2 00 

TUCKEB (Dr. J. H.). A Manual of Sugar Analysis, 
including the Applications in General of Analytical 
Methods to the Sugar Industry. With an Introduc- 
tion on the Chemistry of Cfane Sugar. Dextrose, 
Levulose, and Milk Sugar. 8vo, doth. Illustrated. 8 60 

TUMIilBZ (Dr. O.). Potential and its Application to 
the Explanation of Electric Phenomena, Popularly 
Treated. Translated from the German by D. Robert- 
son. Illustrated. 12mo, doth 1 25 

TUNNEB (P. A.). Treatise on BoU-Turnlng for the 
Manufacture of Iron. Translated and adapted by 
John B. Pearse, of the Pennsylvania Steel Works, 
with numerous engravings, wood-cuts. 8vo, cloth, 
with folio atlas of plates 10 00 

UBQUHABT (J. W.). Electric Light Fitting. Em- 
bodying Practical Notes on Installation management. 
A Hand-book for Working Electrical Engineers— 

with numerous illustrations. 12mo, cloth . 2 00 

— Electro-Plating. A Practical Hand-book on the 
Deposition of Copper, Silver, Nickel, Gold, Brass, 
Aluminum, Platinum, etc. Fourth edition. 12mo. . 2 00 
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UBQUHABT, (J. W.)> Dynamo Oonstruc-tlon : a 
Practical Hand-book for the Use of Engineer Con- 
stanctors and Electricians in Charge, embracing 
Frame Work Building, Field Magnet and Armature 
Winding and Grouiymg, Compounding, etc., with 
Examples of Leading English, American and Con- 
tinental Dynamos and Motors, with numerous illus- 
ratlons. 12mo.cloth 3 00 

Electric Ship Lighting. A Hand-book on the 

Practical Fitting and Running of Ship's Electrical 
Plant. For the Use of Ship Owners and Builders, 
Marine Electricians and Sea Qoing Engineers-in- 
Charge. Numerous illustrations. iSmo, cloth .... 3 00 

UNIVBBSAIi TELEGRAPH CIPHER CODE. 

Arranged for General Correspondence. 12mo, cloth. 1 00 

TAN NOSTBAND'S ENGINEERING MAGA- 
ZINE. Complete sets, 1869 to 1886 inclusive. 

Complete sets, 35 vols., in cloth . . 60 00 

Complete sets, 85 vols., in half morocco 100 00 

VAN WAGENEN (T. F.). Manual of HydrauUc 
Mining. For the Use of the Practical Miner. 
Beviaed and enlarged edition. 18mo, cloth 1 00 

WALKER (SIDNEY F.). Electric Lighting for 
Marine Engineers, or How to Light a Ship by the 
Electric lAght and How to Keep the Apparatus in 
Order. lOSlllustrations. 8vo, cloth. Second edition. 2 00 

WALLIS-TAYLER (A. J.). Modem Cycles. A 
Practical Hand-book on their Construction and 
Repair. With 800 illustrations. 8vo, cloth 4 00 

Motor Cars, or Power Carriages for Common 

Roads. 8vo, cloth> with numerous Illustrations 1 80 

Bearings and Lubrication. A Hand-book for 

every user of Machinery. 8vo, cloth, fully illus- 
trated 160 

' Refrigeration and Cold Storage, and Ice-making. 

A practical treatise on the art and science of refrig- 
eration. With 861 cuts and diagrams. 8vo. Cloth. 
Illustrated net 4 50 

Sugar Machinery. A Descriptive Treatise devoted 

to the Machinery and Apparatus used in the Manu- 
facture of Cane and Beet Sugars. 12mo, cloth. 
Illustrated 2 00 
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WANKIiYN (J. A.)* A Practical Treatise on the 
Examination of Milk and its Derivatives, Cream, 
Butter, and Cheese. 12mo, cloth 1 00 

Water Analysis. A Practical Treatise on the 

Examination of Potable Water. Tenth Edition. 
I'-imo, cloth 2 00 

WANSBBOUOH (WM. D.). The A. B. C. of the 

Differential Calculus. 12mo, cloth 1 50 

WARD (J. H.). Steam for the Million. A Popular 
Treatise on Steam, and its application to the useful 
Arts, especially to Navigation. 8vo, cloth 1 00 

WARING (GEO. B., Jr.). Sewerage and Land 
Drainage. Illustrated with wood-cuts in the text, 
and full-page and folding plates. Quarto. Cloth. 
Third edition 6 00 



Modern Methods of Sewage Disposal for Towns, 



Public iQstitutions and Isolated Houses. Second 
'^edition, revised and enlarged. 260 pages. Illus- 
trated. Cloth 2 00 

How to Drain a House. Practical Information 

for Householders. New and enlarged edition. 12mo, 
cloth 1 25 

WATSON (E. P.). Small Engines and Boilers. A 
Manual of Concise and Specific Directions for the 
Construction of Small Steam Engines and Boilers of 
Modem Types from five Horse-power down to model 
sizes. 12mo, cloth. IllustratedTwith Numerous Dia* 
grams and Half Tone Cuts. New York, 1899 1 25 

WATT (AIi£XAND£B). The Electro-plating and 
Electro-refining of Metals : being a new edition of 
Alexander Watt's "Electro-deposition." Revised 
and largely rewritten by Arnold Philip, B.Sc. With 
numerous figures and engravings. 6vo. Cloth. Il- 
lustrated net 4 fiO 

Electro-Metallurgy Practically Treated. Tenth 

edition, considerably enlarged. 12mo, cloth 1 00 

The Art of Soap-Making. A Practical Hand-book 

of the Manufacture of Hard and Soft Soaps, ToUet 
Soaps, &c. Including many New Processes, and a 
Chapter on the Recovery of Glycerine from Waste 
Levs. With illustrations. Fourth edition, revised 
and enlarged. Svo 8 00 
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WATT ( AliEXANDEB). The Art of Leather Manu- 
facture. • Being a Practical Hand-book, in which 
the Operations of Tanning, Currying, and Leather 
Dressing are Fully Described, and the Principles of 
Tanning Explained, and many Recent Processes 
Introduced. With numerous illustrations. Second 
edition. 8vo, cloth 4 00 

irEALB (JOHN). A Dictionary of Terms Used in 
Architecture, Building, Engineering, Mining, Metal- 
lurgy. Archaeology, the Fine Arts, etc., with explana- 
tory observations connected with applied Science 
and Art. Fifth edition, revised and corrected. 12mo, 
cloth 250 

Weale*s Rudimentary Scientiflc Series (Catalogue 

sent on application). 

W£BB (HEBBEBT LAWS). A Practical Guide to 
the Testing of Insulated Wires and Cables. Illus- 
trated. 12mo, cloth 1 00 

The Telephone Hand-book. 128 illustrations. 

146 pages. 16mo, cloth 100 

WEEKES (B. W.). The Design of Alternate Current 
Transformers. Illustrated. 12mo, cloth 100 

WEISBACH (JULIUS). A Manual of Theoretical 
Mechanics. Ninth American edition. Translated 
from the fourth augmented and improved German 
edition, with an Introduction to tne Calculus by 
Eckley B. Coze, A. M., Mining Engineer. 1,100 pages, 

and 902 wood-cut illustrations. 8vo, cloth 6 00 

Sheep 7 80 

"WESTON (EDMUND B.). Tables Showing Loss of 
Head Due to Friction of Water in Pipes. Second 
edition. 12mo, leather 150 

WTJYMOUTH (F. MABTEN). Drum Armatures 
and Commutators. (Theory and Practice.) A com- 

Blete Treatise on the Theory and Construction of 
•rum Winding, and of commutators for closed-coil 
armatures, together with a full resume of some of 
the principal points involved in their design, and an 
exposition of^ armature re-actions and sparking. 
Svo, cloth 800 

"WHITE (W. H., K.C.B.). A Manual of Naval Archi- 
tecture, for use of Officers of the Royal Navy, Offi- 
cers of the Mercantile Marine, Yachtsmen, Ship- 
owners and Shipbuilders. Containing many figures, 
diagrams and tables. Thick Svo, cloth, illus 00 
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*^ 

WHEBIiER (Prof. J. B.). Art of War. A Course 
of Instruction in the Elements of the Art and 
Science of War« for the Use of the Cadets of the 
United States Military Academy, West Point, N. Y. 
12mo,cloth 176 

■ Field Fortifications. The Elements of Field Forti- 
fications, for the Use of the Cadets of the United 
States Military Academy, West Point, N. Y. 12mo, 1 75 

WHIPPL.E (S., C. E.). An Elementary and Practical 
Treatise on Bridge Building. 8vo, cloth 3 00 

WII.KINSON (H. D.). Submarine Cable-Laying, 
Repairing and Testing. 8vo, cloth 4 00 

WIXLIAMSON (li. S.). On the Use of the Barome- 
ter on Surveys and Beconnois»ances. Parti. Mete- 
orology in its Connection with Hypsometry. Part II. 
Barometric Hypsometry. With illustrative tables 
and engravings, 4to, cloth 16 00 

WIIXIAMSON (E. S.). Practical Tables in Meteo- 
rology and Hp^metry, in connection with the use 

of the Barometer. 4to, cloth 2 50 

WIIiSON (GEO.). Inorganic Chemistry, with New 
Notation. Revised and enlarged by H. Q. Madan. 
Newedition. 12mo, cloth 2 00 

WOODBURY (D. V.), Treatise on the Various Ele- 
ments of Stability in the Weil-Proportioned Arch. 
8vo, half morocco 4 00 

WRIGHT (T, W.). A Treatise on the Adjustment of 
Observations. With applications to Geodetic Work, 
and other Measures of Precision. 8vo, cloth 4 00 

Elements of Mechanics; including Kinematics, 

Kinetics and Statics. A\ ith application. 8vo, cloth.. 2 60 

WYIilE (CliAUDE). Iron and Steel Founding. Illus- 
trated with 89 diagrams. Second edition, revised 
and enlarged. 8vo, cloth. . . 2 00 

TOUNG (J. EliTON). Electrical Testmg for Tele- 

fraph Engineers, with Appendices consisting of 
ables. 8vo, cloth. Illustrated 4 OO 

YOUNG SEAMAN'S MANUAL. Compiled from 
Various Authorities, and Illustrated with Numerous 
Original and Select Designs^ for the Use of the 
United States Training Ships and the Marine 
Schools. 8vo, half roan 8 00 

ZIPSEB (JULIUS). Textile Raw Materials, and their 
Conversion into Yarns. Translated from the Ger- 
man by Chas. Salter. 6vo, cloth. Illustrated...... 6 00 
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Ho. W.--STRENGTH OP WROUGHT-IRON BRIDGE MEM- 
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